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PREFACE TO THE SECOND EDITION 


Continued demand for this book has necessitated a second ediuon. 
Its main thesis remains unchanged but errors have been correaed and 
recent advances in our knowledge inserted. A brief atlas of roentgen 
photographs, some of which have already been used in the German 
translation, has also been added. 

The book continues to present its subject from the pathological 
standpoint Most discussions of intracram'al tumors in die past have 
been based essentially on regional physiology, with only a perfunctory 
pr eliminar y chapter on pathology. That orientation was doubtless 
largely due to the importance and difficulty of the problem of localizing 
the tumor. Now that it has been solved by increase of our knowledge, 
and introduction of the method of ventriculography, interest has turned 
to the possibility of establishing the pathological nature of the growth 
before operadon. In the first effidon of this book there v.’as detailed at 
great length the inadequate resources at our disposal at that time for 
solving the latter problem. Since then Monir has introduced the method 
of arteriography, comparable in its usefulness to ventriculography, fay 
means of which the pathological dugoosis has been greatly facilitated. 

Although the emphasis is placed on pathology, regional physiology 
has not been negleaed; in fact some matters which are best observed 
in cases of intracranial tumor, such as disturbances of function of 
the hypothalamus and cerebellum, have been treated at length, the 
mote so V^csfcoe niiey tae cAten imadeqaantiy or even eitoneoasiiy 
presented in textbooks available to students. 

Some surprise has been expressed that a small field of neurology 
should be presented to students at such length. Aside from its essential 
interest, there is another important reason for doing so. Neurology has 
long suffered from the lack of a dbdacdve therapeusis, but now pos- 
sesses a surgical treatment firmly grounded in the essential intellectual 
discipline of neurology. No longer does the student need to look upon 
neurology as a sore of indoor dtagnosric sport. Many of the major 
triumphs of neurological surgery have been attained in the treatment 
of intracranial tumors, and the student should know just what can 
be accomplished in this field. 
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Two illustrauons have been replaced by others which should be 
acknowledged — Fig. 126, Kennatd (J. Neurophysiol., 1944:7, Fig 6) 
and Fig. 147, Bramwell (Intracranial Tumors, Pentland, Edinburgh, 
1888, Fig. 76). I am indebted to Mr. G. S. Adams for Figures 1, 26 
and 30. It is a pleasure also to acknowledge the expert services of my 
secretary, Miss Beatrice Kahn, and of my photographer, Mr. Willard 
Hunezinget. Mr. Chatles C 'Hiomas has ever been ready to fulfil my 
slightest wish. 

912 S. Wood Street, 

Chicago, Illinois 



PREFACE TO THE FIRST EDITION 


The time is past whea discussions of intfacraoial tumors as a whole 
can longer be profitable. It is true that such tumors, if allowed to de- 
velop long enough, have this in common that they give rise to intra- 
cranial hypertension. So may abdominal tumors cause enlargement of 
the belly, yet who would think of discussing-fibroma of the uterus, 
carcinoma of the liver, and ovarian cyst as though they were similar 
lesions. The tumors which develop within the cranial cavity are also 
many and varied, and each must be studied and understood separately. 

In this way we will gradually forget that we were taught to recog- 
nize as the cardinal symptoms of intracranial tumor, headache, vomit- 
ing, and failing vision. These are die symptoms of intracranial hyper- 
tension from whatever cause and the presence of tumor should, and can 
with increasing frequency, be diagnosed before these symptoms de- 
velop. There is only one cardinal ^mptom of tumor of the nervous sys- 
tem — a non-febrile, steadily inaeasing alteration in nervous function- 
There are exceptions — tumors may be accompanied by fever in the ab- 
sence of infection, and with others the onset of symptoms may be 
sudden-^ yet one may readily learn when to suspect these exceptions and 
the general rule holds good. Whenever there is a steadily inaeasing 
focal alteration in nervous funaion the presence of a tumor should be 
suspeaed, and confirmed or excluded, long before the symptoms of in- 
tracranial hypertension appear, because the earlier the diagnosis is 
made the better are the chances of successful removal of the growth. 

One should always In suspeaed cases make a three-fold diagnosis 
— the presence of tumor, its location, and its nature. The diagnosis of 
intracranial tumors is peculiarly difficult because of their enclosure 
within a rigid bony case, out of reach of the palpating finger. For a 
Jong time physicians were content to differentiate tumor from gumma 
or tubercle, but with the development of cerebral physiology they be- 
gan also to make localizing diagnoses. Soon a tumor was correctly lo- 
calized by Bennett from the symptoms alone and removed by GodJee 
( 1884) . Tumors were thereafter localized and removed with inaeasing 
frequency but the localization remained hazardous in many cases be- 
rause of our still imperfea knowledge of cerebral physiology, and be- 
ziii 
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cause of the tendency of the tumots » give rise to symptoms fiom 
distant parts of the brain by pressure and circulatory derangements. 
Even today no more than 80 to 85 percent can be correctly localized 
from the clinical symptoms alone. The localization of the remaining 
15 to 20 percent has been greatly aided by Dandy, through the intro- 
duction of ventriculography and cocephalogtaphy, so that lately the 
diagnosis of the nature of the growth has preoccupied the neurologist’s 
attention. TTiis pathological diagnosis can be made only by a knowledge 
of the biological peculiarities of each type of tumor. 

A pre-operative knowledge of die pathological nature of the tu- 
mor to be operated on is of ptimaty importance to the surgeon because 
each type presents different difficulties for remo\*al. Surgeons have long 
since learned that they cannot remove certain tumors from the abdomen, 
but some of them are still attempting to remove perfectly unremovable 
tumors of the brain. And the operability of an intracranial tumor cannot 
be determined with certainty from its gross appearance. Familiarity with 
the various histological types is needed. Such knowledge is also necessary 
to establish a postoperative prognosis, yet a discussion of intracranial 
tumors from the pathological standpoint is to be found only in mono- 
graphs, such as Cushing’s "Tumors of the Nervus Acusticus," or in 
articles scattered in medical journals. In this small book I have attempted 
to present the subjea of intracranial tumors primarily from the patho- 
logical standpoint. Much remains to be learned but a statement of our 
present knowledge it is hoped will be useful. 

I have attempted to make only a simple and straightforward estposi- 
tion for the use of the student of neurology, I claim no originality for 
this book except in the arrangement of the material. Therefore, I have 
dispensed with the constant citation of authorities which so encumbers 
the average medical book. The bibliography is intended as supplemen- 
tary reading if the student desires to amplify his knowledge of any par- 
ticular point; foe this reason I have given references whenever possible 
to articles in English. I am not unfamiliar with, nor unappreciative of, 
the important works of continental authors but the North Ameriran stu- 
dent rarely reads anything but English with ease so that it is a waste of 
time to give him references in any other language. These lectures are an 
amplification of demonstrations and clinics which I have given to my stu- 
dents at the University of Chicago and the illustrative cases are from 
my own clinic, with few exceptions. The inclusion of some apparently 
extraneous material is due to the fact that in the University the subjea 
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of intracranial tumors is taught as a part of a general course in neurology 
and they demonstrate certain syndromes more clearly than other com- 
mon ncxirological disorders. 

I have paid small attention to operative technique. It is a subject of 
minor interest to the student and concerns only the specialist. It is, 
moreover, grossly over-emphasized in most manuals of surgery. There 
are many methods of opening the skull — for better or for worse. The 
really important matter is to know what to do once inside. What would 
one think of a surgeon who opened the abdomen without knowing the 
structure of its contents? T&t for some strange reason a surgeon will not 
hesitate to open the skull without an adequate knowledge of the struc- 
ture of the brain, to say nothing of its ftinctions and pathology. 

The method of illustrating this book may cause some comment It is 
printed on dull paper because I am tired of being blinded by the usual 
glossy paper used for medical books and I believe most medical students 
are equally annoyed by it. The use of dull paper made it impossible to 
illustrate with the usual half-tones. Pen-and-ink drawings have been 
found quite adequate except for the reprodualon of roentgenograms. 
I know of only one way adequately to demonstrate roentgenograms and 
that is to bind the actual photographs into the book and supply a stereo- 
scope for their examination. Roentgenograms of the head are usually 
useless anyway unless stereoscopic, Sin^ this book aims only to instruct 
and not to support a scientific thesis, I have not hesitated to use dia- 
grams and semischematfc reproductions of roentgenograms. 

With a vivid memory of th6 ponderous tomes which I bought as 
a student, and which still adorn my shelves with the pages uncut, I have 
tried, however short I may have fallen of ray goal, to make a book 
wiiicfi students wilf actually read. 


950 E. 59th Stteet 
Qiicago, Illinois 
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THE PROBLEM OF TUMORS IN GENERAL ‘ 

ITS RELATION TO INTRACRANIAL TUMORS 

The word tumor, in its general sense, means only a swelling, 
whether produced by fluid, heaping up of tissues, collection of chemical 
substances or otherwise, but we use it in the sense of an autonomous 
new growth of tissue — a neoplasm- In beginning our study of intra- 
cranial tumors we need to place them in their proper perspective with 
regafti to the problem of tumors in general- This is all the more neces- 
sary because in most general discussions of tumors those of the brain 
are disregarded. In a recent survey of the question of cancer ( 387 ) they 
were not even mentioned, yet the problem of neoplastic growth is the 
same in the brain as elsewhere. 

The brain is a common sice of origin for neoplasms. In an analysis 
( 510 ) of 15,481 consecutive tumors from the records of Middlesex, 
University, St. Bartholomew and St. "niomas's Hospitals in London, 
287 tumors of the brain were found, making about 1.8 percent. Of 
these 157 were in males and 130 in females. Whatever one may think 
of the value of such statistics ( 508 ) the figures show at least that tumors 
of the brain are more common than generally supposed. 

Neoplasms develop within the body but somehow are not of it. 
They use the sources of nourishment of the body yet are, nevertheless, 
alien to it and may even destroy it. The first insight into how this might 
occur was incorporated into the theory of embryonic rests, accord- 
ing to which tumors arise from groups of ceils which have become 
isolated and arrested during embryonic life and later ptirsue an inde- 
pendent development. This theory was consistent with the faa that 
the cells of many tumors manifest a fertility usually found only in 
embryonic cells, and with the observation long before made that rudi- 
mentary undeveloped structures which have not completed their dif- 
ferentiation, in fact all the unusual accidental tissues of the body, are 
frequently the site of tumorous growth. With the passage of years 
evidence has constantly accumulated in support of this hypothesis, at 
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least fot some tumors. Groups of sudt isolated and arrested cells, called 
rests, are frequently found in all parts of the body where tumors are apt 
to develop. Several hundred such abnormalities might be listed {1B7), 
such as misplacement of a portion of one organ into another, super- 
numerary organs, remnants of embryonal organs, superfluous cells at 
muojcutaneous junctions and misplaced germinal cells. 

In the intracranial cavity also a relationship between embryonal tis- 
sues and tumors may readily be demonstrated. The epithelial portion 
of the hypophysis develops from an out-pocketing of the bucal cavity 
but its cells undergo a transformation entirely different from that of 
the buccal epithelium, with the exception of isolated nests of epithelial 
ceils around the stalk. And it is just here in the neighborhood of the 
hypophysial stalk that there occurs an epithelial tumor which so re- 
sembles in structure the adamaminoma of the buccal cavity that It is 
often called by the same name. The relationship of these tiunofs to the 
epithelial rests of the hypophysial stalk was long ago suggested (350). 
Also just behind the dorsum sellae is occasionally found at necropsy a 
slimy mass which communicates through a small opening with the in- 
terior of the clivus. It is called the ecchondrosis physalifora, and has 
been proved to be a surviving remnant of the notochord. In exactly 
this sifuation a tumor develops whose struaure resembles that of the 
notochord and so is called a chordoma (3P). Another intracranial 
tumor whose structure is adequately explained by the theory of embry- 
onic restt is the pearly tumor (31). A mass of epithelial cells without 
blood-supply, it seems a perfea example of whac might be expeaed to 
happen if a group of squamous epithelial cells became isolated in the 
subarachnoid space and conclnued to multiply. More complicated epider- 
moids and dermoids are also rarely found in the intracranial cavity and 
even teratomas (.282) occur there. 

It is evident that the younger the cells of the embryonic rest are, 
the more complicated may be the structure of the tumor arising from 
them. The cells which give rise to a teratoma, for example, must be 
less differentiated than thc»e which form an epidermoid. In the same 
way a tumor of the brain which contains both neurones and neuroglial 
cells must have arisen from more embryonic cells than those which are 
the origin of tumors composed solely of neuroglia (46) . 

Experiments on animals have added further evidence in favor of 
the theory of embryonic rests. Fragments of embry’os transplanted into 
animals of the same species continue to grow fot a certain time and 
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form tumors, mainly cystic, resembling in structure the cystic tumors 
of the ovaries and testes (215), But these experiments, ■while support- 
ing the theory, also emphasize its weaknesses. The tumors, usually cys- 
tic, resulting from transplantation of embryonic tissue grow for only 
a short time and then remain as local indolent masses or even regress. 
It is known also that teratomas are in general benign local growths 
even within the intracranial cavity. The theory obviously does not ex- 
plain why some tumors are of a benign nature, causing trouble only 
by their size, while others are more malignant, invading and destroying 
the normal tissues. 

Moreover, for many tumors no rests are to be found. To remedy 
this latter inadequacy of the theory it has been supposed that any cell 
within the body which remains in a relatively undifferentiated state, 
whether misplaced or not, is more liable to become neoplastic. Many 
illustrations might be given in suppon of this hypothesis, such as the 
frequency with which tumors arise from the basal cells of the epidermis, 
or the endometrium of the uterus. A possible example in the intra- 
cram'al cavity is furtushed by the frequency with which adenomas arise 
from the undifferentiated or "reserve” cells of the hypophysis (1 71). 
Similar undifferentiated cells in the brain were supposed to give rise 
to gliomas. They were called by sudi names as rounded cells or cuboid 
cells, but it is now known that their embryonic appearance 'was due to 
the lack of satisfactory technique for demonstrating their cytoplasm. 

Much stress was placed also on the idea of mechanical separation of 
cells, making the isolation of cellular groups a process which might 
occur in adult life from traumatism or otherwise. But even these supple- 
mentary hypotheses do not explain why certain cells, either in rests or 
in their normal places in the body, suddenly take on the property of 
unlimited growth to form a malignant tumor — a cancer. Many theories 
have been advanced to account for this sudden assumption of neoplastic 
growth. They may be divided into those which place emphasis on an 
external factor and those which stress an internal factor within the 
cell. 

The proliferation of cancerous cells seems to be unlimited. A cancer 
of mice by repeated transplantation has been kept growing for more 
than thirty years. This fertility of the cancerous cells has oused them 
to be likened to embryonic cells and has given rise to the theory of 
CELLULAR AUTONOMY. But there is this important difference, that the 
fertility of embryonic cells dimin&hes and disappears as differentiation 
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occurs, and the adult organism is completed, while the cancerous cells 
continue to multiply often without differentiation. Nevertheless many 
cells of an adult organism still have the ability to proliferate under cer- 
tain circumstances. Lower animals arc able to reconstrua entire parts of 
the body which have been destroyed or removed. Many simple tissues 
of the human body have proliferative capacity of no mean order al- 
though the human being cannot reronstnict complicated organs. The 
powers of growth autonomous in these cells seem to be held in check 
by various restraining influences whereas the cancerous cells aa as 
though their restraints were absent or powerless. 

Those influences which restrain the growth of cells have been in- 
vestigated. One of the most imporrant is the organization of cells into 
complex tissues. It has been shown in many ways that the relationships 
of cells to others in mulckellular organisms ace very important foe 
growth. The cells of neoplasms seem to have lost this control by the 
organism as a whole. One way in which the organism makes its in* 
fluence felt is undoubtedly in ^e distribution of nourishment. Giemi* 
cal researches have led to the hypothesis that the neoplastic transforma* 
tion of a tissue results when its cells acquire the ability to grow ana^ 
fobically with a fermentative type of metabolism (495) . The develop' 
menc of a specialized function by any cell also limits its possibilities of 
growth; it seems that the energy available for growth is used up by the 
special function. An example of this restraint may be found in the 
case of the pituitary adenoma. It is known that the chromophiJe ade- 
noma grows more slowly and usually reaches a much smaller size than 
the chromophobe adenoma. There are many reasons to believe that 
the chromophile tumor is composed of actively secreting cells (171). 
Sometimes the restraint seems to be a purely mechanical one. For 
example, the skin, constantly proliferating, is held in check by the dense 
coriiun and grows only outwardly, but if the resistance of the connec- 
tive tissue is weakened by the injection of a lipoid solvent the epi- 
thelium grows also inward (fip). Tumors often seem to grow more 
rapidly after a dense capsule has been incised. It is a {act often re- 
marked by surgeons that brain-tumors seem to grow much more rapidly 
after a decompressive operation has been performed and the intra- 
cranial tension released. 

But it would seem that the proliferative possibilities of many neo- 
plastic cells far exceed any power autonomous in the cells themselves. 
To account for the excess some have supposed that the neoplastic cells 
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have been fertilized. The hypothesis is based on the well established 
facts of the rejuvenation of ihe sexual cells after fertilization and of cer- 
tain unicellular organisms after conjugation. This reawakening of repro- 
ductive function in a somatic cell has been thought to be brought about 
by fertilization by leucocytes or by nuclear conjugation. These fanciful 
conceptions have not been generally accepted. Recently smdies in the 
artificial culture of tissues have led to the demonstration of chemical 
substances which stimulate growth. It is but natural that such sub- 
stances should be sought for in cancers (90) . 

Many simpler ways are known to heighten the proliferative ac- 
tivity of ceils. One of the most definitely established is chronic irrita- 
tion. It has long been maintained that certain types of tumor result 
from continued irritations; such are the cancers of chimney-sweeps, 
paraffin-workers, cotton-spinners and x-ray technicians (SO). Experi- 
mental support for the theory of chronic irritation is supplied by the 
results of long-continued application of coal-tar to the rabbit’s ear 
which finally provoked a malignant epithelioma Cancer of the 

stomach had previously been pcodu<^ in rats by feeding them ock- 
roaches infest^ by Spiroptera neoplastica. A chronic irritation resulted, 
followed by papillomatous formation and then occasionally by a ma- 
lignant invasive neoplasm. There are many other examples of neo- 
plastic processes caused in animals by parasites. Recently mammary 
cancer has been produced in the mouse in a manner more nearly re- 
sembling the supposed mechanism in man by causing stagnation of the 
milk in the actively breeding animal (J5). While a chronic irritation 
results primarily in a simple hyperplasia of the tissue, there is now 
abundant evidence that on the basis of such a hyperplasia a malignant 
neoplasm may arise. 

Recently nvanesovis catcinogenic substances have been isolated, by 
means of which neoplasms are readily provoked- Even gliomatous tumors 
have been produced in this way (429). It is difficult to imagine what 
might be the chronic irritation which would so affect the intraaanial 
contents in man. In this case it is generally admitted that a single trauma 
may be a sufficient irritant to start a neoplasm. Yet when the evidence 
is examined carefully it is not at all <x>nvincing (369). Certainly the 
percentage of intracranial tumors was no higher among the veterans of 
the World War than in the general population and yet the number of 
cranial injuries was much higher. In the case of one hundred and fifteen 
tumors observed in a hospital in Hamburg (496) no traumatic accident 



6 


INTRACRANIAL TUMORS 


worthy of mention could be found in one hundred and one cases, in 
seven others the tumor ousted certainly before the trauma, and in the 
seven remaimng the relation between the accident and the beginning of 
(he tumor was far from clear. It is much more probable that the trauma 
serves merely to call attention to a preSxisting tumor by aggravating its 
symptoms. 

There is the possibility, however, that the irritadng factor may be a 
miaobrganism of low virulence. The etiology of several peculiar dis- 
eases of lower animals, such as sarcoma of chickens, and myxomatosis 
of rabbits, may have some relauon to specific microorganisms but one 
may question their true neoplasric nature. Certainly extensive search has 
not as yet revealed any organism characteristic of neoplasms in general. 
Yet the parasitic theory dies hard; late theories try to inaiminare a 
filterable virus {238). 

Even though a chronic irritant, such as a parasite or virus, were 
found to be always at work to initiate neoplasuc transformation in an 
• undiEetentiated or misplaced cell the intimate mechanism of such 
craruformation would still remain to be explained. This problem is 
one of cellular pathology and is being attacked actively by expeti* 
mental cytologiscs. The mechanisms of cellular division and repro- 
duction have been analyzed more closely and many theories have re- 
sulted, of which I may mention one which supposes that a cancer 
results from a trouble of the nocmal rhythm of cellular reproduction, 
particularly of the rhythm of mitosis. It postulates the existence of a 
regulating system within the nucleus which is transmitted in equal 
pans to the daughter-celb at the moment of division, not bipolar but 
tripolar or tetrapolar, some of the daughter-cells receiving the regula- 
tory system while others are deprived of it; the latter become cancerous. 

This THEORY OF ABNORMAL MITOSIS, which makes of cancer a 
pure hazard, is contrary to the opinions of the believers in the heredi- 
tary nature of cancer. These partisans base their views on the supposed 
demonstration of families in which cancer is particularly frequent, Sucb 
studies of cancerous families have nercr been very convincing. So far, 
hereditary taint has been fairly dear only for a few tumors, such as 
generalized neurofibromatosis, multiple enchondromata, and glioma of 
the retina. No glioma of the brain has even been supposed to be heredi- 
tary, although there have been reported identical gliomas in the cere- 
bellum of identimi twins {311). 

The HEREDITARY THEORY has been strengthened by the results of 
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the study of cancer in animals. It is becoming increasingly evident that 
difFerent species of animals have different tumors (507), for example, 
carcinoma of the mammary gland xs very frequent in mice but rare even 
in the biologically closely allied rat and unknown in the cow whose 
mammary gland is constantly tratimatizttl. And different species vary 
greatly in the ease with which tumors may be produced in certain or- 
gans by similar irritation. Gircinomas are readily provoked in the 
skin of mice by repeated irritation with tar but it seems impossible to 
cause similar cancers in the skins of rats or guinea-pigs. It has, more- 
over, been possible to breed strains of mice which are peculiarly suscep- 
tible to neoplastic disease as shown by the unustially high incidence of 
spontaneous cancer (506) . 

There seems to be some evidence of an inffuence of race on the in- 
cidence of certain tumors, for example, the Japanese are said to have 
mammary carcinoma rather infrequently. But there is no good evidence 
of any racial variation in the incidence of intracranial tumors. The sup- 
posed immunity of negroes to brain-tumors probably results from fail- 
ure to diagnose. It has been recently stated (755) that Jews are un- 
usually susceptible to the development of hypophysial adenomas. The 
statistiffl, however, were compiled in a clinic which receives an un- 
usually high percentage of Jews from New York City. ' 

From the foregoing it seems evident that, in a predisposed person, 
normal, misplaced or hyperplastic cells may undergo neoplastic trans- 
formation when chronically irritated. But neoplastic growth often oc- 
curs when no chronic irritation is evident and the hereditary predisposi- 
tion is often impossible to demonstrate, at least for man. The intimate 
mechanism of this malignant transformation still escapes us. The result- 
ing neoplasms vary greatly in their behavior. Many of them evolve lo- 
cally; these are called benign. Cytologically these often resemble closely 
hyperplasias, from which they are distinguished mainly by their precise 
limits. Others invade and infect the surrounding tissues, even spreading 
to distant parts of the body to form new foci of growth known as 
metastases; these are said to be maiignaat and are called cancers. The 
malignant tumors ate usually composed of more undifferentiated cells 
than those of the benign growths. This lack of differentiation is generally 
interpreted to mean that such tumors have arisen from more embryonic 
cells. But it is also possible that the neoplastic cells in their growth have 
"dedifferentiated.” The transformation of a benign ramor into a malig- 
nant cancer is frequent. In the intracranial cavity the "dedifferentiation” 
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of the cells of gliomas, as the tumors inaease in rapidity of growth, has 
often been observed (468). As its malignancy increases the cells of a 
cancer are not only more undifferentiated but, due to the abnormal con- 
ditions under which they grow, various anomalies occur such as hyper- 
chromatic nuclei, abnormal chromosomes, disorientation or asymmetry or 
pluri-potentialiry of mitosis and alteration of the nucleus-plasma ratio. 

The spread of a malignant tumor in the body is presumably the 
result of two faaors; the capacity of its cells to multiply, and the re- 
sistance of the body to it. One of the primary results of the growth of 
a tumor is to excite the conncaivc tissue to form a dense capsule around 
it. Yet if the tumor is capable of breaking through the capsule, the 
conneaive tissue may actually aid the spread of the tumor by forming 
a stroma which acts as a framework for the nutrient vessels. The nature 
of the resistance of the body to neoplastic growth has been further 
analyzed by studying the mechanism by which a resistant animal absorb 
a cumor-grafe (327). In an unsusceptible animal the graft fails toexdte 
the formation of a sttoma and hence remains without suitable channels 
of nutrition. Also an inflammatory reaction is aroused in the neighbor- 
hood of the graft. This reaction is absent’ in susceptible animals. It 
indicates that the Iymphoc)'te plays an important rdle in the resistance 
to tumor. 

Animals may be rendered immune to transplantable tumor, but the 
mechanism of tlie formation of this immunity is not clear. It is known 
that antibodies are formed toward the cells of normal tissues, but in 
the sera of animals rendered immune to the transplantable tumors no 
specific cytolysins, agglutinins, or precipitins have been demonstrated. 
No complement-deviation tests have bwn successful. There seems to 
be simply a local and general hypersensitiveness produced in immun- 
ized animals by regression of inoculated tumor-tissue. Attempts to con- 
vey actively acquired resistance to other animals have not been dis- 
tinctly successful. 

These may be some of the reasons why intracranial tumors do not 
metastasize to other parts of the body, although they may spread widely 
in the subarachnoid spaces and even rarely invade the subcutaneous tis- 
sues w'hen portions of the skull and meninges have been removed. At- 
tempts to transplant them into animals have been unsuccessful as 
might have been expected. Very h’ttle experimental work has been done 
with brain-tumors because they are excessively rare in other animals 
than man (444). 
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In addition to provoking the organism to defensive reactions a can- 
cer affects it in many other ways. Most cancers are accompanied by 
a progressive deterioration in the quality and quantity of the blood. 
The progressive emaciation and cachexia of malignancy are well known. 
These general degenerative changes have been supposed to be due to 
toxic substances given off by the cancerous cells. Such toxic changes do 
not accompany primacy intracranial tumors and are somerimes of use 
in distinguishing between primary and metastatic tumors of the brain. 
If a tumor arises in a glandular tissue the cells may furnish a secretion 
having an effea similar to that of the normal gland. A good example 
is furnished by the hypoglycemic convulsions accompanying adenomas 
of the islands of the pancreas (445). In the anterior lobe of the hypo- 
physis arises an adenoma composed of eosinophilic cells which is ac- 
companied by a clinical syndrome known as acromegaly. A similar con- 
dition may be provoked in the dog by parenteral injections of extracts 
from the anterior lobe of the hypophysis. There is evidence that the 
active principle of this extraa comes from the eosinophilic cells. It is 
therefore probable that the eosinophilic adenoma actually secretes. 

All of these studies have made it evident that the etiological faaors 
are variously combined for nearly all neoplasms. It is increasingly ap- 
parent that different tumors are quite distinct clinical and pathological 
entities and that observations made on one may not safely be applied to 
another (187). The classification of tumors is, therefore, of primary 
importance because entities must be isolated for study. But our knowl- 
edge is too limited at present to permit a pathogem’c classification such 
as is given of infeaious diseases. A purely embryological classification 
is also impossible. We are ignorant of much of the embryological de- 
velopment and the absolute verity of the theory of the three germinal 
layers is no longer admitted by histologists. Metaplasia and "dedifferen- 
tiation” of tissue make it difficult to be sure of origins. There are many 
difficulties also in the way of classifying tumors according to the tis- 
sues from which they arise. Some may arise from embryonal rests. Such 
a classification would be too general anyway and of little use practi- 
cally. Tumors arising from the leptomeninx, for example, are very varied 
in structure and behavior, and can be subdivided histologically into 
mesotheiial, fibroblastic, hemangioblascic, melanoblastic, osteoblastic, 
lipomatous, and perhaps other types (43). It is useless to insist that the 
typical cell is the fibroblast, so that they should all be called fibro- 
blastomas. Such a designation does not explain their structural dif- 
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ferences and clinical variability. 

But when one looks long and eacnestly at a secies of tumors they 
begin to group themselves according to certain familial resemblanres of 
structure and behavior. Such a classthcation is imperfect but necessary 
in the present state of our ignorance. If we classify intracranial tumors 
in this way we come to some such a result as follows: 

L Encephalic tumors 5. Melanoblastoma 

a. Gh’omas 6. Hemangioblastoma 


1. Glioblastoraamultt- 

7. Sarcoma 

forme 

b. Sheath-tumors 

2. Spongioblastoma polare 

1. Neurinoma 

3. Ependymoma 

III. Hypophysial tumors 

4. Neuroepithelioma 

a. Adenoma 

3. Asttoblascoma 

1. Eosinophile 

6. Astrocytoma 

2. Qiromophobe 

7. Oligodendroglioma 

b. Oaniophaiyngioma 

b. Glioneuromas 

IV. Dysembryomas 

1, Medulloblastoma 

1. Teratoid cysts 

2. Ganglioneuroma 

2. Pearly tumors 

II. Tumors of the covering cells 

3. Chordomas 

of the nervous system (lopho- 

4. Pinealomas 

stegomas) 

5. Papillomas 

a. Meningeal tumors 

V, Vascular tumors 

1. Meningothelioma 

1. Hemangioblastoma 

2. Eibroblastoraa 

(Lindau's type) 

3. Osteoma 

2. Angioma racemosum 

4. Lipoma 

3. Oipillary telangiectases 

The frequency of the different types may be appreciated from the 
following table taken from recent statistics <129), although the system 
of classification is somewhat different from ours; 

Gliomas 

862 — 42.6 percent 

Neuroepithelioma 

2 

Medulloblastoma 

86 

Pinealoma 

14 

Ependymoma 

25 

Glioblastoma multiforme 

208 

Spongioblastoma polare 

32 

Oligodendroglioma 

27 

Astroblastoma 

35 
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Astrocytoma 

255 


Ganglioneuroma 

3 


Unclassified 

175 


Pituitary adenomas 

360— 

17.8 percent 

Chromophobe 

264 


Qiromophile 

73 


Mixed 

23 


Meningiomas 

271— 

13.4 percent 

Neurinomas 

176— 

8.7 percent 

Congenital tumors 

113— 

5.6 percent 

Craniopharyngiomas 

92 


Cholesteatomas and dermoids 

15 


Chordomas and teratomas 

6 


Metastatic and invasive tumors 

85— 

4.2 percent 

Granulomatous tumors 

45— 

2.2 percent 

Tuberculomas 

33 


Syphilomas 

12 


Bloodvessel tumors 

41— 

2.0 percent 

Sarcomas (primary) 

14— 

0.7 percent 

Papillomas (choroid plexus) 

12— 

0.6 percent 

Miscellaneous and unclassified 

44 — 

2.2 percent 

Total 

2,023 : 

lOO.O percent 

In the foregoing list the percentage of pituitary tumors is probably 

too high because they tended to congregate in that particular clinic. The 

percentage of metastatic tumors is lower than it would be in a general 

medical clinic. Perhaps the percentage of the malignant Q^ses of glioma 

is also too low (69). The inclusion of two types of infectious granu- 

loma should be noted. 




In most discussions of intracranial tumors these fifteen to twenty 
different pathological entities are discussed as a whole, according to the 
situation of the tumors within the intracranial cavity. Statistics arranged 
on this plan would look something as follows (135) : 


Cerebral 508 

Pituitary 286 

Cerebellar 178 

Cerebellopontine 114 

Brainstem 12 
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Skull ■ W 

Total 1,108 

From this analysis we could learn only that intracranial tumors are 
found most frequently in the cerebrum, certainly a meager and not 
very useful result. 

If these same cases arc analyzed according to age and the result put 
in the form of a graph the distribution is as follows ( Fig. 1 > . 


■ 

■ 

R 

m 

R 

R 

R 

H 

R 

R 

R 

R 

R 

R 

H 

■ 

R 

H 

■ 

■ 

■ 

■ 

R 

R 

R 

R 

R 

R 

R 

R 

H 

R 

■ 

■ 

R 

R 

R 

R 

R 

■ 

■ 

■ 

R 

H 

E 

H 

R 

R 

R 

R 

R 

R 



H 

R 

R 

■ 

R 

■ 

■ 

■ 

H 

R 

R 

R 

R 

H 

R 

Si 

R 

R 

i 

s 

m 

HR 

m 

H 

R 

■ 

■ 

i 

H 

■ 

■ 

H 

a 

R 

H 

H 

H 

■ 

■ 

m 

m 

R 

u 

■ 

R 

■ 

B 

i 

K 

3 

H 

R 

■ 

m 

R 

m 

R 

H 

R 

m 

m 

H 

R 

■ 

R 

■ 

■ 

■ 

R 

■ 


R 

H 

R 

H 

R 

■ 

R 

R 

u 

R 

H 

R 

■ 

R 

■ 

■ 

■ 

R 

R 

E 

R 

B 

9 

R 

R 

n 

R 

R 

R 

R 

R 

R 

■ 

R 

■ 

■ 

■ 

10 

H 

R 

R 

R 

R 

B 

R 

R 

R 

R 

R 

R 

R 

H 

H 

R 

■ 

i 

R 

R 

fil 

R 

■ 

R 

■ 

R 

IS 

R 

n 

■ 

■ 

R 

■ 

H 

■ 

H 

■ 

■ 

n 

H 

H 

R 


■ 


H 


K 

H 

i 


H 


R 


H 

m 

■ 

R 

H 

■ 

R 



1 

R 

■ 

H 

K 



H 

■ 

R 

S 

H 


n 

R 

m 

ss 

m 


i 


R 

H 

H 

H 

K 

a 

H 

H 

■ 

R 

R 

■! 

■ 

I 

m 

R 

m 

R 

H 

■ 

R 

R 

R 

H 

R 

R 

9 

R 


R 

R 

■I 

■ 

i 

m 

H 

R 

H 

R 

H 

R 

R 

H 

R 

■ 

K 

B 



g 

B 

I 


/loe n VcAVf 


Fig. 1. Graph of age-distribution of intracranial tumors 
in xeJaijon to rhe population 

This graph shows us that, since 9-8 percent of the population is 
betvt’een 10 and 15 years of age and develops 6.7 percent of all intra- 
cranial tumors whereas 6.5 percent of the population is between 40 and 
45 years of age and develops 13.1 percent of all tumors, intracranial 
tumors are approximately three times as frequent at the older age-period 
per unit of population. This information that intracranial tumors pre- 
dominate in middle life helps us very little in the diagnosis of any par- 
ticular case because other diseases, often difficult to differentiate from 
tumor — for example, lues of the bmin and vascular degenerations — ’ 
predominate also in middle life. 
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These statistics indicate the futility of considering intracranial tu- 
mors as a whole. It is only when each pathological entity is studied 
separately that clear conceptions begin to emerge. To contini^ our 
analysis we will take the largest pathological group — the gliomas — 
and draw a graph for them according to the age of the patients. 




in qzors 

Fig. 2. Graph of age-dlstribudoa of gliomas. 

There is a significant increase in the percentage of tumors in child- 
hood and a sharp decrease in old age. These facts are useful in dif- 
ferential diagnosis, as we shall see later, but this graph is still not very 
illuminating because the group of gliomas is still too heterogeneous as 
will become very obvious when graphs are drawn for each pathological 
type of glioma. We shall'take, for example, the medulloblastoma. A 
group of forty cases was distributed as shown in Figure 3, page 14. 

We begin to appreciate the reason for the shift of the peak to 
the left in the previous graph. If we now analyze the medulloblastomas 
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Fig. 4 . Graph of age-distribution of most frequent types of subtentoriaJ 
tumors (from Cushing). 
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according to location we get the following result: cerebrum 5, cerebel- 
lum 35. Whence it follows that the medulloblastoma is predominantly 
a tumor of the cerebellum of children, a truly significant finding. 

If we tty now to find out, for purposes of differential diagnosis, 
whether the other frequent types of subtentorial tumors predominate 
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Fig. 3. Graph of age-distribution of glconm according to location above or below 
the tentorium cerebelli (from Cushing) . 

in childhood we obtain a graph (Fig. 4), based on a much larger 
number of cases. It shows that the neurinoma is a tumor of adults, but 
that the subtentorial gliomas all predominate in childhood. This result 
is confirmed by an analysis of the whole group of gliomas which shows 
clearly that gliomas of the cerebellum are much more numerous in 
childhood ( 118 ) (Fig. 5). All studies of the intracranial tumors which 
occur during childhood arrive at the same result (4l)> 

This difference in the site of origin of tumors at different ages 
is well known. An analysis (381) of 424 cases of tumor in early in- 
fancy showed that they were distributed as follows: eye and annexes 
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100, kidney 80, bones 67, brain 31, abdomen and pelvis 19, testes 15, 
liver 13, prostate 8, skin 8, intestine 7, neck 6, tongue 6, ovary 6, etc. 
In adults the most frequent sites are quite different {510 ) : uterus 19.2 
percent, mammae 17.5, skin 9.d, connective tissue 7.7, tongue and 
mouth 6.3, ovary 5.8, external genitalia 5.1, bones 4.0, rectum 3.3, 
stomach 2.6, lower lip 2.6, brain 1.8, etc. For malignant tumors (can- 
cer) alone the figures are again different for adults (508) with carcin- 
oma of the stomach leading the list. 

Out study of intracranial tumors agrees, therefore, with the re- 
sults of the study of other tumors. Neoplasms have one faaor in com- 
mon — autonomous growth — but they are otherwise widely different, 
and cannot profitably be treated as a group. The of intracranial 

tumors is also too heterogeneous to be treated as a whole. The origin, 
structure, symptoms, and treatment of each pathological entity must be 
studied separately. 



Chapter 2 


STRUCTURE OF THE CRANIUM AND OF ITS CONTENTS 

Before entering upon our study of the various types of intracranial 
neoplasms we must first review briefly a few fundamental anatomical 
and physiological conceptions. A thorough knowledge of the struc- 
ture of the cranium and of its contents is essential for anyone who in- 
tends to deal with intracranial tumors and peculiarly so for the surgeon 
because the treatment of intracranial tumors is predominantly surgical. 
Yet this is not the place to furnish such detailed information; much 
must be supposed to be known to the student and is readily available 
in standard treatises on anatomy. I will take time to mention only 
a few peculiarides of structure which are of importance for the under- 
standing of intraaanial tumors and to describe in more detail some 
matters the descriptions of which seem to me difficult of access. 

Much of the symptomatology of intraaanial tumors results from 
their being enclosed within a practically rigid bony case, the calvaria, 
usually referred to loosely as the cranium, the vault of which is formed 
by the flattened parts of the occipital, parietal, temporal, and frontal 
bones. The floor of the intracranial cavity is in part formed also by 
the ethmoidal and sphenoidal bones. The bones of the vault come to- 
gether along jagged irregular lines called sutures, and union between 
them does not become firmly established until the tenth or eleventh 
year so that any increased intracranial tension before that age readily 
separates them, with a resulting increase in the size of the head. Actual 
synostosis normally occurs only late in life. 

In lower mammals the temporal and suboccipital muscles cover 
almost the entire calvaria but the inaeased size of the human brain 
has been so remarkable that these muscles are, in the human being, 
relatively greatly reduced in size and much of the calvaria is not coveted 
by muscular tissue with the exception of the rudimentary platysma 
myoides. This last structure contains muscular fibers only at its frontal, 
occipital, and sometimes temporal extremities. For the most part it is 
reduced in man to a fibrous sheet known as the galea aponeurotica. 
The scalp, then, consists usually of die following layers from without 
inward; skin, subcutaneous fat^ tissue, galea, loose areolar tissue, 
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periosteum. The galea is important to the surgeon because the blood- 
vessels of the scalp run within the fatty subcutaneous tissue, so that 
if the galea and skin are carefully approximated in dosing a wound 
of the scalp there is no necessity to ligate the bloodvessels. The pri- 
mary arteries of the scalp come from below and branch upward. This 
fact is made use of also in controlling hemorrhages in operations on 
the head and in planning incisions for intracranial operations, althou^ 
the anastomoses between the aneries of the scalp are so numerous that 
it is not of essential importance. The nerves of the scalp also run from 
below upward and may be blocked readily, but again this faa is not 
of primary importance because anesthesia is usually obtained by local 
infiltration in the line of the incision. 

The bones of the cranial vault have an inner and outer hard cortex 
separated by looser spongy bone called d'lploe, Into wWch project the 
pneumatic extensions of the middle ear and nasal cavides. The mastoid 
cells and accessory sinuses must be avoided whenever possible in open* 
ing the cranial cavity because they are often infeaed. The bones of the 
edvaria do not have single nutrient arteries as do the bones of the 
extremities. Most of their arterial blood is supplied by small arterioles 
which arise (com the deeper surfaces of the meningeal arteries in the 
depths of the meningeal grooves (291). A few other small arterioles 
penetrate the outer surface of the occipital and temporal bones, espe- 
cially along the attachment of the temporal muscle and below the su- 
perior curved line. 

Most of the circulation of the bones of the calvaria is of venous 
nature as is evident at any cranial operation. Innumerable small venous 
radicals in the diploe collect into larger channels known as the diploic 
VEINS. These channels are small in young individuals but become more 
evident in old age. They may be seen in any roentgenogram of the 
head. In general there is one such diploic vein for each bone; its 
distribudon is shaped like a v with the point downward (Fig. 6). The 
caliber of the diploic veins varies mark^ly; their courses and distribu- 
tions are very irregular. Usually they lie nearer the inner than the outer 
surface of the bone. 

The frontal diploic vein drains the lateral half of the frontal bone 
and opens extetiotly into the veins of the scalp at the supraotbiul 
norch. It may anastomose with its fellow of the opposite side. The 
occipital diploic vein similarly drains the lateral half of the occipital 
bone and opens externally into the muscular veins just below the 




fomard to the temporal vein. The temporal diploic vein has the same 
general direction as the anterior branches of the middle meningeal 
veins and anastomoses freely with them through the inner table of the 
temporal bone. Indeed they often form a single channel in the bone 
known as the sinus of Breschet. They also empty outward into the 
venous plexus of the pterygoid fossa. In addition to these outward 
terminal communications of the diploic veins into the external venous 
plexuses, there are munerous inward anastomoses with the venous 
channels in the dura mater, aside from those in the temporal region, 
especially along the superior sagittal sinus. 
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arated in young adults except along the superior sagittal region. In 
the infant the pachymeninx is not yet separated from the scalp over 
the fontanels and cranial sutures and in old age it again becomes much 
more adherent to the inner surface of the calvaria. In addition the 
pachymeninx forms a series of rigid DURAL septa which divide the 



Fig. 8. The base of the inuacranial cavity with the brainstem in place, mldbraia 
retraaed and dural atudimest indicated. 

intracranial cavity into subordinate cavities (Fig. 7). Of these the most 
important is the tentorium cerebelli which lies between the cerebellum 
and the occipital lobes of the cerebrum, dividing the intracranial cavity 
into the subtentorial and supratentorial cavities between which the in- 
cisura tentorii allows the passage of the brainstem. The tentorium 
stretches across from one petrous pyramid to the other and arches up- 
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ward, being held up by another rigid septxim, the falx cerebri, which 
arches forward between the cerebral hemispheres. The latter is much 
more important posteriorly and becomes deficient at its anterior ex- 
tremity. There is also a less important sheet of dura mater which overs 
the sella turcica, separating the brain from the hypophysis cerebri. It 
is called the diaphragms sellae. The rigidity of the dural septa should 
be appreciated. When the brain is displaad or distorted, the pressure 
of the edges of these septa may cause misleading symptoms (298). 

The pachymeninx is irregularly adherent over the base (487) of 
the cranial cavity (Fig. 8) and hugs the uneven surface to form a series 
of depressions in which the various pans of the brain lie — the frontal 
or anterior fossae for the frontal lobes, the middle or temporal fossae 
for the temporal lobes, and the posterior or occipital fossae for the oc- 
cipital lobes of the cerebrum. Beneath the tentorium lies the cerebellar 
fossa often spoken of loosely as the posterior fossa. 

The dura mater is sensitive only around, the basal region, the sen- 
sory nerves coming mainly from trigeminal branches and accompany- 
ing the meningeal arteries, which are themselves quite sensitive. The 
bloodsupply of the dura mater comes mainly from the middle minin' 
geal artery. The anterior menin^al branch of the ophthalmic artery 
supplies a small area in the frontal region, and the mastoid branch of 
the occipital artery most of the subtentorial region. There are minor 
additions by branches of the internal carotid, lachrymal, ascending 
pharyngeal, accessory menin^l, and venebra! arteries. The course 
and branches of the middle meningeal artery are clearly illustrated in 
any textbook of anatomy, but insufiident emphasis is placed on the 
richness of its anastomoses. It even communicates freely across the 
superior longitudinal sinus with the meningeal artery of the opposite 
side. 0>ntrary to a common opinion it does not supply blood to the 
arachnoidal granulations. This artery may run some distance in actual 
tunnels within the temporal bone. 

The blood from the pachymeninx is collected by veins which ac- 
company the meningeal arteries for the most part. Tlje middle menin- 
geal veins are particularly important. One often finds two large chan- 
nels which communicate with each other and with the diploic veins. 
They follow in ^neral the course of the anterior branch of the middle 
meningeal artery, arising from the lateral lacunae of the superior longi- 
tudinai sinus and leaving the skull by the foramen spinosum. 

But aside from the meningeal veins proper there are in the dura 
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mater larger venous sinuses of much greater importance since through 
them drains most of the blood from the brain and much of the blood 
from the cranium as well. The dural sinuses are cavities in the dura 
mater. They are not collapsible but ate held rigidly open by the septa 
of the pachymeninx. The largest is the superior longitudinal sinus (Fig. 
7) which begins by the confluence of small radicles near the crista 
galli and extends backward along the midsagittal line just under the 
vault of the skull at the upper border of the falx cerebri. This sinus is 
roughly triangular in outline and increases in size as it extends back* 
wards. It receives the superior cerebral veins and communicates by 
a series of small openings with irregular cavities, in the dura mater 
on either side, which are known as lacunae (Fig. 16). These vary 
in size and number in different persons but are most prominent in the 
central region and may extend as much as 3 cm. lateral to the sagittal 
sinus (420). They drain laterally through the meningeal veins and 
medially into the sinus. The superior cerebral veins are closely adherent 
to their internal walls but do not empty into them. Their inner walls 
are very irregular because of the protrusion into them of innumerable 
arachnoidal granulations. The diploic veins communicate with them 
through their outer walls. The superior longitudinal sinus usually occu- 
pies a depression in the inner table of the calvaria and the lacunae also 
often cause considerable depressions which may be mistaken for patho- 
logical erosions. At the internal occipital protuberance the superior 
longitudinal sinus sometimes joins the straight sinus to form a large 
venous lake known as the confluens sinuum; more often it joins the 
right branch of the straight sinus, sending only a small channel to the 
left transverse sinus {181), 

The straight sinus occupies the line of juncuon of the falx cerebri 
and the tentorium cerebelli. It branches usually at the infernal occipital 
protuberance, the right branch joining the superior longitudinal sinus to 
form the right lateral sinus; the left branch continues as the left lateral 
sinus. At its origin the straight sinus receives a small and inconstant 
channel which runs along the inferior border of the falx cerebri — the 
inferior longitudinal sinus — and the great cerebral vein (of Galen). 
The lateral sinuses run along the posterior extremity of the tentorium 
cerebelli until they reach the petrous pyramids and then curve down- 
ward to pass out through the jugular foiamina and become the internal 
jugular veins. 

Over the base of the cranium are irregular venous channels in the 
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dura mater (Fig. 8). A small inconstant sphenoparietal sinus runs 
along the lesser wing of the sphenoidal bone to empty into an extensive 
venous cavity around the sella turcica — the cavernous sinus. The latter 
surrounds the carotid arteries and abducens 'nerves. In its lateral wall 
lie the oculomotor, trochlear, and ophthalmic nerves. It empties through 
irregular venous channels over the clivus into the inferior petrosal sinus 
which passes out through the jugular foramen to join the internal 
jugular vein. Another more constant channel, the superior petrosal 
sinus, passes backward and laterally along the upper border of the 
petrotis pyramid to empty into the lateral sinus. There are sometimes 
small lacunae in the tentorium cerebelH which connea with the lateral 
sinuses. 

There are also communicating channels called emissary veins in 
the occipital region which connect the lateral sinuses, near the con- 
fluens, direaly through the cranium with the muscular extracranial 
venous plexuses. Other emissary veins just back of the mastoid proces- 
ses connect the lateral sinuses with the occipital veins and in the parietal 
region the parietal emissary connects the superior longitudinal sinus 
with the extracranial venous circulation. There are other such emissary’ 
veins in the base of the cranium, passing through the foramen o\’ale, 
spinosum, lacerum and canalis condylotdeus. Finally it should be re- 
membered that the vena ophthalmica superior, which drains most of 
the orbit and eyeball, passes inward through the fissura orbitalis su- 
perior into the cavernous sinus. These various venous anastomoses are 
very important for the study of the spread of infeaions and in cases of 
intracranial tumor serve as accessory channels for venous drainage so 
that there is occasionally a tremendous dilatation of the veins of the 
scalp. 

The leptomeninx is hollow. The inner surface is attached to the 
outside of the brain and closely follows its irregularities. The outer 
surface is adjacent to the dura marer. Various delicate septa pass be- 
tween the inner and outer layers but the intermediate (subarachnoid) 
space is mainly filled by the cerebrospinal fluid which everywhere inter- 
venes betv.’een the pia mater and the arachnoid membrane. Since the 
contour of the brain is quite different from that of the dura mater, the 
subarachnoid space is in many places much wider than in others. These 
widened spaces are called cisterns (325). The most important cisterns 
lie along the base of the skull (Figs. 9 and 10). 

As the SUBARACHNOID SPACE is followed upward from the cavity 
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of the spinal canal anterior to the o^rd it is seen to spread out beneath 
the brainstem. At the level of the pons it is broad and shallow in its 
middle portion but deepens in the cerebelloponrine angles to form 
the lateral cisternt. Between the cerebral peduncles anterior to the 
pons it is deeper and is known as the interpeduncular ctitern. StlU fiu- 
ther forward in the region of the optic chiasm it is even deeper to 
form the chiasmatic cistern. This whole space under the brainstem is 



sometimes spoken of as the basal cistern. From the basal cistern the sub- 
arachnoid space may be followed upward and outward over the btaia 
The large diannels are as follows: in the bulbar region a small chan- 
nel passes upward over each cerebellar hemisphere. Also laterally the 
space extends as sheaths around the ninth, tenth, and eleventh nerves 
and around the seventh and eighth nerves. Farther forward a similar 
but larger sheath surrounds the fifth nerve and gassecuin gangUoa 
From the chiasmatic cistern the large and important cerebrolateral chan- 
nels curve outward, then upward and backward along the lateral fis- 
sures on either side. Also the anterior extremity of the chiasmatic dstern 
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continues upward between the frontal lobes, then curves backward over 
the callosal body to form the cerebrosagittal channel. It continues on 
around the splenium to enter an enlarged space called the ambient cis- 
tern in the region of the pineal body. From the ambient cistern a chan- 
nel passes forward in the triangular space between the callosal body 
and the roof of the third ventticle, and two paired channels laterally 



around the midbrain, in the great cerebral fissures, downward and for- 
ward to connect with the basal cistern. A median channel also extends 
backward above the cerebellum to end in a large and important cere- 
bellomedullary, or posterior cistern, which lies in the angle between 
the cerebellum and the dorsal surface of the bulb. From these main 
channels smaller passageways extend between the convolutions into 
the various sulci of the cerebral hemispheres, seeming to be smaller in 
the occipitoparietal region than elsewhere. 



comx-.bove, on the htoral surfe 
. e median surface. Gsm. — gyrus supramarginaJis Gang — 
gyrus flagularis. 
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The surface of the cerebrum is much corrugated with irregular 
worm-like convolutions separated by depressions called sulci or fis- 
sures. It is necessary that the surgeon be able to distinguish the convolu- 
tions, beouse injury to certain of them is very disastrous. In earlier 
times, when the surgeon dared to make only a small trephine opening, 
it was important to know as minutely as possible the relationship of the 
gyri to the external surface of the calvaria. At the present time, when 
large areas of the brain are exposed at operation, such minute cranio- 
cerebral topography is unnecessary and the elaborate schemes which 
filled pages in earlier treatises on cranial surgery ate obsolete. It is 
enough to know in a general way the location of the lateral fissure and 
central sulcus to expose any given convolution ( Fig. 11). The lateral fis- 
sure lies approximately under the line drawn on the surface of the 
calvaria from the angular process of the frontal bone to a point a centi- 
meter or so above the lambda (junction of the occipital and parietal 
bones in the midline of the skull) . The central sulcus may be located by 
drawing a line from the middle of the zy^ma upward and backward to 
meet the sagittal plane of the calvaria 1 cm. behind the midpoint be- 
tween the nasion and the inion. The centra! sulcus lies along this line 
above its juncture with the previously mentioned line locating the 
lateral fissure. 

The names and relationships of the principal cerebral gyri and fis- 
sures, as we shall employ them, may be learned by reference to figure 12. 
A detailed description of them is unnecessary for our purposes and may 
be readily found elsewhere. 

The adult human cerebellum is made up of numerous narrow lamel- 
lae, arranged in a seemingly haphazard manner, for which a fantastic 
terminology was long ago invented. It is impossible to apply these terms 
to the cerebellum in other vertebrates, but a common terminology ap- 
plicable to all vertebrates has been worked out by comparative neurolo- 
gists (2S7). Its relationship to the subdivisions of the human cerebel- 
lum is shown in Figure 13- The mammalian cerebellum may be thus 
divided into three ^ndamental lobes, of which the anterior and pos- 
terior are phylogenerically older. The anterior lobe includes the lingula 
and vinculum lingulae, the lobulus Entrails and alae lobuli centralis, 
the culmen monticuli and lobulus quadrangularis (pars anterior). The 
posterior lobe includes the pyrarais, the uvula, and the nodulus with 
the fiocculi. The identity of the paraflocculus is rather uncertain 
in man. The phylogenetically yoimger part of the cerebellum is in- 
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eluded in the middle lobe, which may be further subdivided into lobus 
simplex (lobulus quadrangularts — ^pars posterior — and declive monu- 
culi), lobus raediomedianus (folium and tuber), lobus ansopara- 
medianus (lobuli semilunares inferior and superior, and lobulus gra* 
cilis). The lobulus biventer and tonsil are perhaps peculiar to man. 

The surface of the brain is covered by tortuous veins and arteries. It 
is important to know them and the areas which they supply beause 
occlusion of certain of them must be carefully avoided in operating on 
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Fig. 13. Scheme of the cerebellum showing the principal subdivisioos. 
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the brain lest serious neurological defects result. The arterial supply 
OF THE BRAIN is mainly by the internal carotid and vertebra! arteries 
«33). The latter, after entering the intracranial cavity, unite to form 
the basilar artery which passes upward on the anterior surface of the 
brainstem. Just back of the dorsum sellae it bifurcates to form the pos- 
terior cerebral arteries. The internal carotid artery divides mainly into 
two arteries — the anterior and middle cerebral arteries. A branch goes 
backward to join the posterior cerebral to complete the circulus ar- 
teriosus (of Willis), and another enters the inferior extremity of die 
choroid plexus of the lateral ventricle. 

The branches of the cerebral arteries vary considerably in their 
origins and courses. But however much their courses may vary, the 
peripheral distribution of eadi principal artery is remarkably constant- 

A. The anterior cerebral artery (Fig. 14) passes across the antetwr 
perforated space, above the optic nerve, to enter the interhemisphctic 
fissure where it gives off a small anastomotic branch to the anterior 
cerebral artery of the opposite hemisphere. It then passes along the 
medial surface upward and forward to the knee of the callosal body- 
It now follows the epicallosa! sulcus and lies along the top of the 
callosal body as far as the posterbr third where it moves up to the 
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callosomarginal sulcus and follows this to the convex sxirface of the 
brain and ends in branches to the paracentral lobule and precuneus. 

From the lateral surface of the artery, at about the level of the 
anterior communication, there arises the recurrent artery (12) which 
runs back along the main trunk to join branches of the middle cerebral 
artery going to the corpus striatum. 

The branches of the anterior cerebral anery on the mesial surface 
of the cerebral hemisphere are as follows il96 ) : 

1. The orbital artery arises where the main trunk turns upward on 
the medial surface and spreads out over the orbital surface of the 
frontal lobe. 

2. The frontopolar artery arises about a centimeter below the knee 
of the callosal body and supplies the mesial surface of the frontal lobe 
above the subrostral sulcus as far forward as the pole. 

3. The callosomarginal anery arises at the knee and passes upward 
and then backward in the callosomarginal sulcus. It gives off the an^ 
tenor internal frontal branch about the middle of the superior frontal 
gyrus, the middle internal frontal branch at the posterior extremity of 
the superior frontal gi'rus and itself tcemtn&tes as the posterior internal 
frontal artery. These three frontal branches all pass upward to the 
convex surface of the hemisphere. They may come off separately from 
the main trunk of the anterior cerebral artery. 

4. The pericallosal branch continues backward over the posterior 
part of the callosal body to anastomose with a branch of the posterior 
cerebral artery. 

5. Numerous small branches from the concave stirface of the artery 
supply the callosal body. 

The territory of the anterior cerebral artery includes the whole of 
the mesial aspect of the frontal and parietal lobes, as far back as the 
parieto-ocdpital fissure, and the subjacent white matter, knee and an- 
terior four-fifths of the callosal body, septum lucidum, anterior pillars 
of the fornix and part of the anterior commissure, part of the head of 
the caudate nucleus, the anterior part of the two outer segments of the 
lenticular nucleus, and the anterior half of the forelimb of the internal 
capsule. 

B. The middle cerebral artery is die largest branch of the internal 
carotid artery (797). It bends outward across the anterior perforated 
space and enters the depth of the lateral figure (of Sylvius), lying in 
close contact with the insula. It then cun^ outward again to gain the 




Fig. 14. Scheme of the arterial simply of the cerebral cortex — above, the 
surface, below, the median siir»ce. I — orbitofiontal artery; 2 — prerolaMic 
artery; 3 — rohindic artery; 4 — anterior parietal artery; 5 — posterior parietu 
artery; 6 — angular artery; 7 — posterior temporal artery; 8 — anterior temporal 
artery; 9 — orbital artery; 10 — fiontopolar artery; 11 — callosoroarglnal artery: 
12 — posterior internal frontal artery; 13 — pericallosal anery. 
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outer surface of the hemisphere. But ft has by that time already giveo 
off its main collateral branches whidi a>me individually to the surface 
along the lateral fissure. 

After some deep perforating branches to the basal gangh'a it gives 
off superficial branches as follows (Fig. 14) i 

1. The anterior temporal artery arises a antimeter before the others, 
curves out of the lateral fissure and runs backward over the temporal 
lobe, giving branches to the anterior third of the temporal gyri. It helps 
also to supply the insula. 

About a centimeter farther on usually arises a common trunk for the 
ascending arteries (although they may arise individually) as follows: 

2. The orbitoftontal artery supplying the lateral part of the orbital 
surface of the frontal lobe and on the external surface the inferior frontal 
convolution except the superoposterior part of its posterior extremity. 

3. The artery of the prerolandtc sulcus runs for a few millimeters 
in the central sulcus (sometimes giving off a small arteriole to it) then 
curves over the anterior central gyms to enter the prerolandic sulcus. 
It supplies the lower extremity and anterior lip of the anterior central 
Convolution, the posterior extremity of the second frontal and supero* 
posterior part of the posterior extremity of the third frontal gyrtis. 

4 . The artery of the rolandic sulcus runs over the opercular pan of 
the posterior central gyrus, then enters the central sulcus, irrigating the 
posterior border of the anterior central and the most anterior border of 
the posterior central convolution. 

5. The anterior parietal artery curves over the opercular region, 
enters the intraparietal sulcus and continues in it, giving often a branch 
higher up which courses over to the central sulcus. It supplies the pos- 
terior border of the posterior central and the anterior portions of the 
other parietal convolutions, sometimes also the upper portion of the 
central sulcus. 

All of these ascending arteries help to supply the insula. In ad- 
dition the middle cerebral artery has the following branches: 

6. The posterior parietal artery arises' in the extremity of the lateral 
fissure and terminates in the gyrus supramarginalis and posterior part 
of the inferior parietal lobule. Its territory varies a great deal depend- 
ing on the development of the anterior parietal artery. 

7. The middle cerebral artery continues as the artery of the angular 
gyrus. 
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8. The posterior temporal artery descends in one of the short per- 
pendicular branches of the lateral fissure and supplies the posterior two- 
thirds of the superior temporal and the posterior half of the middle tem- 
poral convolutions. Its territory is often much reduced by the anterior 
temporal artery. 

It is important to note that the branches of the middle cerebral 
arrery are arteries of suld predominantly and irrigate the margins of 
the two adjacent convolutions. The territory of the middle cerebral 
artery includes also the upper part of the posterior limb and part of 
the anterior limb of the internal capsule, part of the head and the 
horizontal part of the caudate nucleus, and most of the lenticular nu- 
cleus. 

C The posterior cerebral arteries (Fig. 14) are the result of the 
bifurcation of the basilar artery. Each is direaed outward and back- 
ward around the cerebral peduncle. After receiving the posterior com- 
municating branch ftom the internal carotid artery it passes onto the 
inferior surface of the occipital lobe and divides into its tcrmiflal 
branches (/9S): 

1. The anterior temporal branch is direaed forward over the ifl* 
ferior surface of the temporal lobe where it supplies the anterior part 
of the fusiform gyrus and of the hippocampal convolution leaving ftw 
the tip of the lobe, which is supplied by the middle cerebral anery, and 
the uncus. 

2. The posterior temporal branch is distributed to the rest of the 
inferior surface of the temporal lobe. 

3. The voluminous posterior occipital artery runs buried in the 
calcarine fissure and supplies the postero-imernal part of the occipital 
lobe, especially the lingual lobule and cuneus. 

Before dividing into its terminal branches the posterior cerebral 
anery gives oS a series of collaterals ro the mesencephalon and basal 
ganglia. Their origins are diverse but each has a fixed terminal dis- 
tribution. They are of great interest to physiologists since they supply 
practically all of the thalamic and peduncular regions, but concern ua 
little in the symptomatology of brain-tumors. They supply half of the 
cerebral peduncle, the subthalamic region, the red nucleus, subthalaiiuc 
body (of Luys), substantia nigra, the postero-ioferior half of the thala- 
mus, the superior cerebellar peduncle and the geniculate bodies. 

The BLOODSUPPLY OF THE CEREBELLUM comes from three main 
pairs of arteries of which the first, the posterior inferior cerebellar artery, 
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perior longitudinal sinus praaicaily at a right angle into its lateral 
wall. They drain the upper parts of the frontal lobes. The posterior 
group is imposed of larger veins of which the most important chan- 
nels drain the central region. They are direaed toward the sinus as long 
’as they remain in the pia mater but, upon emerging from it, curve 
sharply to run forward, sometimes as much as two or more centi- 
meters, before entering the sinus at its lower angle; the posterior ones 
may even run in the falx. No veins enter the superior longitudinal 
sinus in its most posterior portion. There is a tendency, more marked 
in the embryo, for each external vein to have a corresponding vein on 
the mesial surface of the hemisphere. The two veins come into contaa 
at the junction of the convexity and interhemispheric fissure, but rarely 
unite until just before perforating the wall of the sinus. They usually 
lie together in one sheath but may penetrate into the sinus separately. 
The point at which these veins pass ovtr from the pia to the dura 
mater is some distance from their entry into the sinus. That of the 
anterior veins is obviously from one to four centimeters distant. That 
of the posterior veins lies much nearer the falx bur, since the veins 
run forward some centimeters, the actual distance from the openicg in 
the sinus is about the same. It is to be noted also that th$ veins may 
lie for a centimeter free in the subarachnoid space while passing from 
the pia to the dura mater. They may be adherent to the under surfaces 
of the dural lacunae but do not empty into them. 

2. The inferior cerebral veins drain the lower parr of the external • 
Surface of the hemisphere (Fig. 18). lliere are two main groups, the 
lateral occipital and the middle cerebral veins. The lateral occipital 
veins are formed by some small trunks from the inferior and lateral 
surfaces of the occipital lobe and more important channels from the 
posterior part of the temporal lobe, the chief one passing down from 
the postetioi extremity of the Uteial fissure. These sometimes unite 
into a single trunk. At any rate they empty into the middle portion of 
the transverse sinus, after a short course in the tentorium cerebelli. The 
other veins converge toward one or two trunks, known as the middle 
cerebral vein, directed along the lateral fissure forward and downward. 
In case there are tu’O veins the anterior receives the superficial branches 
from the anterior external surface of the frontal lobe while the pos- 
terior receives those from the anterior portion of the temporal lobe. The 
middle cerebral vein may curve backward on the under surface of the 
temporal lobe to end in the superior petrosal sinus but it usually passes 




Fig. 17. Scheme of the venous drainage of the cerebral cortex — above, the lateral 
surface; below, the median surface. 
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over to the dura mater at the lesser wing of the sphenoid bone to con* 
tinue as a sinus across the depths of the temporal fossa, entering the 
superior petrosal sinus after anastomosing in its transit with the middle 
meningeal veins. It may also empty into the cavernous sinus either di- 
realy or via the sphenoparietal sinus. 
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Fig. 18. Inferior surface of the cerebrum showing the cerebral veins. 


The venous blood from the anterior part of the corpus callosum 
and the cingular gyrus drains through an irregular venous channel 
(Fig. 17) around the knee of the callosal body in the general direction 
of the anterior cerebral artery toward the base of the br^ where it 
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s joined in the neighborhood of the anterior perforated space by the 
rein of the lateral fissure, draining the region of the island, to form 
he basilar vein (of Rosenthal) . This vein receive many branche from 
he perforated space, the inferior surface of the frontal lobe, the ol- 
actory groove, chiasm, hypophysis, cerebral peduncle, inferior horn 
)f the lateral ventricle, etc, as it passes i»ckward along the cerebral 
seduncle and then curves backward and upward around the brainstem 
n the direction of the quadrigeminal bodies to empty into the internal 
rerebral vein (Fig. 17). The latter is one of the two large veins which 
mite to form the great cerebral vein (of Galen). Into the terminal 
portion of the basilar vein or into the internal cerebral vein drains the 
mportanc internal occipital vein from the striate area. 

The tributaries of all these veins form a network over the surface 
)f the hemispheres, with numerous anastomoses. They seem to radiate 
from the posterior part of the lateral fissure. Often a large trunk may 
X seen to run upward from this region to the superior longimdinal 
►inus, vaguely in the direction of the central sulcus; this trunk, together 
with the middle cerebral vein, is known as the great anastomotic vein 
(of Trolard). Another large anastomosis may often be seen running 
backward and downward from the middle cerebral vein to empty into 
he transverse sinus. It is called the small anastomatie vein (of Labbd) . 
i^nother less-developed trunk runs forward and upward toward the 
mtetiot group of superior cerebral veins (Fig. 17). 

The great cerebral vein (of Galen) drains the internal portions 
af the cerebrum. It is clearly figured in almost any treatise on the gross 
structure of the brain. 

Some mention might be made of the superficial veins of the cere- 
bellum. The lateral posterior veins of the arebellum empty into the 
undersurface of the transverse sinus near its middle, or farther later- 
illy. They drain the adjacent tentorial and suboccipital surfaces of the 
cerebellar hemispheres. The region of the flocculus is drained by many 
small channels which unite to form die petrous vein (or veins) , empty- 
ing into the superior or inferior petrous sinus. This vein receives also 
branches of variable importance from the lateral parts of the hemis- 
phere, an important trunk from the interior which drains the dentate 
nucleus, and also small branches from the pons. The medial part of 
the superior or tentorial surface of the cerebellum is drained by the 
superior median veins. They empty usually into the main tributaries of 
the great cerebral vein (of Galen), occasionally direaly into the lat- 
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ter. The inferior median vein connects upward in the posterior fis- 
sure of the cerebellum with the transverse sinus near the torcular (of 
Herophilus), and downward with the choroid plexuses of the fointh 
ventricle (Fig. 15). 

Nor only is it necessary to be able to recognize the gross subdi- 
visions of the cerebral and cerebellar cortex, but one must have some 



Fig. 19. Diagram of the layers of the cerebral cortex. Left — Golgi’s method; 
middle — Weigeit's method; ri^t — Nissl’s method. 


familiarity with the miaoscopical structure of the cerebral cxirtex which 
has been found to vary widely in different regions (279). When the 
regions of uniform structure are outlined on the surface of the cere- 
brum they are found to be quite different from the gross patterns 
formed by the gyri. Knowledge of cerebral cvtoarchitectonics is 
important, because evidence is accumulating to show that the variation 
in structure has a functional significance. 
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In the greater part of the cerebral cortex the nervous cells form 
six more or less distinct layers. Even in areas where it is no longer 
so in the adult, during a certain period of embryonic life at least the 
six layers are clearly distinguishable. But a small part of the cortex 
has a barely perceptible or absent stratification, and this non-stratified 
part is found to occupy a narrow 2 one extending from the anterior 
perforated space over the corpus callosum and around the brainstem to 
the uncus. This narrow, almost completely hidden, band is all that re- 
mains in die human brain of the extensive rhinencephalon of lower 
vertebrates. Its cortical portions are known as the allocortex. 

The remainder of the conex, showing either in embryonic or adult 
life the characteristic stratification into six layers, is called the isocor- 
tex. Its layers are distinguished as follows from w’ithout, inw'ard (Fig. 
19): 

1. The outermost layer is the molecular oc plexiform layer. It 
■ contains a great number of dendrites and axis-cylinders of deeper lying 

cells forming a plexus. There are a number of fusiform cells directed 
tangentially and known as cells of Cajal. 

2. The second layer is the external granular layer composed of 
numerous closely packed small round cells with scanty cytoplasm. 

3. Immediately beneath is a clearer zone composed of more widely 
scattered and larger cells of pyramidal shape. It is the external pyram- 
idal layer. 

4. The fourth layer is again a densely packed area composed of 
small rounded granular cells, the internal granular layer. 

5. The fifth layer consists again of large scattered pyramidal cells. 
It is the internal pyramidal layer. 

6. The sixth layer is composed of more spindle-shaped cells which 
have their long axes direaed perpendicularly to the surface of the 
brain. They are smaller than the pyramidal cells and are divided roughly 
into columns by the axis-cylinders of the overlying pyramidal cells. 

While these six layers may be distinguished, at one time or an- 
other, throughout the isocortex, yet in the adult they are obscured in 
certain regions of the adult brain by tv-x) modifications — either by 
increase in number of the grains, or of the pyramidal cells. The fir^ 
modification results in what is known as the koniocortex in which the 
granular cells invade cspedaliy the third layer, but also the fifth and 
sixth. This type of cortex is found on the posterior lip of the central 
sulcus, on both sides of the calcarine fissure, on the deep transverse 
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temporal convolution, on the interior lip of the fissure of the callosal 
body and of the hippocampal fissure (Fig. 20). The other modifica* 
tion results from a great increase of the pyramidal cells with a corre- 
sponding decrease in granular cells, so chat the internal and exrernal 
granular layers tend to disappear. This type of agranular cortex covers 
the posterior third of the frontal lobe on both its external and in- 
ternal surfaces, and also the anterior part of the limbic convolution 
and the parolfactory area (of Broca). There are also small agranular 
areas in the retrosplenial segment of the limbic convolution and parts 
of the hippocampal and uncinate convolutions (Fig. 20). In general 
injuries to the granular or agranular cortices are attended by striking 
symptoms {p,6\{}.). 

In all the rest of the adult isocortex the six layers may be more 
or less clearly distinguished, yet its structure is far from uniform. More 



Fig. 21. Sdieme of the visual pathwaTS showing effects of various lesions. A — 
complete blindness of left eye; B — bitemporal hemiaoopia; C — left homonymous 
bemianopia; D — liglit homonymous bemianopia; £ — left homonymous defect 
in visual fields (See also Fig. 29.) 


%. huivdied diKiuct stTOCUital may be isolated. A discussion 
of them would take us too far afield. Suffice it for our present purposes 
to remark that three principal types may be distinguished. The parietal 
type is not definitely stratified. The internal and external granular 
layers are especially distinct, and its pyramidal celk are rather small. 
The frontal type is definitely stratified but its granular layers are not 
very thick and their cells tend to be triangular. Its pyramidal cells 
are larger and more numerous. The polar type is distinguished by its 
narrowness and the density of its cells, which make its stratification 
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very obvious. These three last types make up the greater part of the 
cortex as will be apparent from a glance at Figure 20. These types cover 
vast areas whose destruction causes often no very obvious symptoms so 
that they are sometimes referred to as "silent” areas. 

Within the cortex lie the intricate nere'orks of the fiber-tracts which 
the anatomists of the last generation, by the use of the methods of 
Weigert and Marchi, worked out in great detail. The results of their 
investigations are described in all textbooks of neurology, and a knowl- 
edge of them is essential for the understanding of the sympromatology 
of intracranial tumors. The symptoms resulting from their interruption 
have preoccupied neurologists for decades. It is impossible for us here 
to give even a brief summary of the fiber-tracts in the brain. We will 
take time only for a description of the visual system which stretches 
the entire length of the brain. Few are the intracranial tumors which 
do not involve it either direaly or indirectly. 

The image of the external world, or visual field, for purposes of 
desaiption may be divided Into four quadrants. The internal stnic- 
ture of the eyeball is such that the lower right quadrant of the visual 
field is proj^ed on the upper left quadrant of eac^ retina, and similarly 
the upper right quadrant of the external world on the lower left quad- 
rant of each retina. There is a similar relationship of the left visual 
field with the right portions of the retinas (Fig. 21). From the retinas 
the visual impulses are carried by the optic nerves to the chiasm where 
a rearrangement occurs. The fibers carrying impulses from the left 
half of each retina pass into the left optic tract, while the fibers from 
the right half of each retina pass into the right optic tract. In other 
words, only the fibers from the nasal half of each retina cross in the 
optic chiasm. In the postchiasmal optic tracts, which end in the ex- 
ternal geniculate bodies, the crossed fibers lie ventromesially and the 
uncrossed dorsolaterally. 

Thus far their course has long been known, but the exact rela- 
tionships of the fibers beyond the geniculate bodies have only recently 
been elucidated and cannot still be considered as completely known 
(306). Essentially their course seems to be as follows. The fibers from 
the upper quadrants of the retinas end in the mesial horns of the 
geniculate bodies and those from the lower quadrants in the lateral 
horns. In the geniculate bodies new neurones carry the impulses on- 
ward, those arising in the.mesbl horn pass outward and then curve 
backward in a long arch around the ventricle to end in the striate area 



46 


INTRACRANIAL TUMORS 




Fig. 22. Cases of the ventricular system — above, superior view; 
below, lateral view (after Ketzius). 
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on the upper lip of the calcarine fissure. Those arising from the lateral 
horn of the geniculate body form a long loop anteriorly toward the 
tip of the temporal lobe (5S9), then curve around the temporal horn 
of the lateral ventricle to run in the inferior longitudinal bundle and 
end on the lower lip of the calcarine fissure. The most superior and 
inferior fibers in the radiation end at the antetbr extremity of the cal- 
carine fissure (386); those lying between end more posteriorly (Fig. 
29). There is evidence also that the seaions of the retina along the 
horizontal meridian send their fibers to end in the depths of the cal- 
carine fissure, whereas those seaions along the vertical meridian send 
their impulses to the lips of the fissure and the external surface of the 
hemisphere {261). The fibers of the optic radiation are so widely 
spread apart in the temporal lobe that it is possible for even large 
lesions to cause only a partial interruption producing what are known 
as homonymous quadrancic defects in the visual fields. 

The foregoing relationships hold for the greater part of the binocu- 
lar visual field. But the course of die macular impulses is not so defi- 
nitely known. In the optic nerve the macular bundle near the bulb 
occupies the lateral side of the optic nerve and gradually shifts to a 
median position as the chiasm is approached {490). It consists of a 
crossed and uncrossed portion. The crossed fibers pass through the 
posterior border of the optic chiasm. In the optic traa these fibers 
again lie in the center of the traa. In the external geniculate body the 
macular fibers probably end between the quadrantal fibers in the upper 
portion of its posterior half. From here the impulses are conduaed 
in the geniculostriate projeaion between the upper and lower quad- 
rantal fibers to end certainly in a wedge-shaped portion of the striate 
area at the dp of the ocdpital pole. The macuJa has been thought by 
some invesdgators to be bilaterally represented in the ocdpital cor- 
dces, but this view has not been established and in all probability is 
erroneous. These relationships are shown graphically in the accompany- 
ing illustration (Fig. 29)- 

Within all the myriad of intricate fiber-systems we find the brain 
to be hollow, for it develops from the simple neural tube. But the 
simple cavity of the tube becomes in the adult brain very complicated 
and a knowledge of its relationships we will find to be of great im- 
portance for the study of intracrarual rumors. It has in the adult a 
series of enlargements called ventricles united by narrow passages. 
In each cerebral hemisphere lies a lateral ventricle, having three horns 
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meeting in the parietal region in an enlarged portion call^ the 
trigonum collaterale. The anterior horn is deeply indented on its lateral 
surface by the head of the caudate nucleus (Fig. 22). The temporal 
horn is smaller and narrower and extends into the temporal lobe. The 
occipital horn, which projects backward into the occipital lobe, is very 
inconstant in size and length. The anterior horns lie very close to- 
gether in their middle and posterior portions, being separated only 
by the thin septum Jucidum; they diverge somewhat at their anterior 
extremities. The occipital horns are somewhat widely separated, while 
the temporal horns diverge still more markedly from ea^ other. Most 
representations of the lateral ventricles show them grossly dilated by 
the injeaion-mixture used to make the cast from which the illustrations 



Fig. 23. Projection of the lateral ventricles on the superior surface of the brain 
and cranium (fromSpitzka), 


are taken. They are normally quite narrow except for the trigonum. 
There is often considerable asymmetry of the two lateral ventricles 
(Fig. 23). 

The lateral ventricles communicate through small apertures called 
interventricular foramina (of Monro), with a single median cavity, or 
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third ventricle, which lies between the optic thalarai. It is very nar- 
row; in fact the two thalami usually come together and fuse in its 
median portion to form the intermediate mass. The third ventricle in 
its turn communicates posteriorly by a long narrow aqueduct (of Syl- 
vius) through the midbrain with a jourth ventricle lying between the 
bulb and the cerebellum. The fourth ventricle in the embryo continues 
down the spinal cord as the central canal. In the adult this canal is 
practically obliterated. 

The walls of the neural tube in the adult become attenuated and 
finally break down at three points, one in the median dorsal line at the 
posterior extremity of the fourth ventricle (foramen of Magendie) 
and laterally near the flocculi of the cerebellum (foramina of Luschka) 
so that the ventricular system at these points is in direct communica- 
tion with the subarachnoid space. The walls of the lateral ventricles 
are also very thin and easily ruptured along the fimbriae hippocampi. 

The cerebral ventricles are filled with the same colorless fluid which 
is present in the subarachnoid space. The fluid seems to be formed 
mainly by vascular choroid plexuses which lie in the roof of the 
third and founh ventricles and in the mesial walls of the temporal and 
frontal horns of the lateral ventricles. Thb fluid plays a major rdle 
in the symptomatology of intracratual tumors. In the human being the 
cerebral ventricles can be made visible by replacing the fluid with air, 
which casts a shadow on the x-ray plate. This process is known as ven- 
triculography (cf. p. 422 ) . 

We have now reached the center of the head, noticing on our way 
only a few of the most important structures. But we must say a final 
word about the pineal body, a tiny out-pocketing of the roof of the 
diencephalon, which in lower vertebrates is a median eye. In the human 
being it is a vestigial structure which interests us largely because it 
is often calcified and so casts a shadow in roentgenograms. Since 
it lies exactly in the median plane of the head, the shifting of this 
shadow to right or left helps occasionally to determine on which side 
a tumor lies (357). What a comedown for a structure formerly sup- 
posed to be the seat of the soul! 

These brief notes on the structure of the cranium and of its con- 
tents are little more than indications of certain things which I con- 
sider it important for the student to learn. They will be supplemented as 
we go along and the student should never forget that he must be able 
to visualize the intracranial structures in their most minute details if he 
is to understand adequately the symptomatology of intracranial tumors. 



Chapter 3 

ELEMENTS OF CEREBRAL PHYSIOLOGY 

Knowledge of the functions of the various structures within the 
intracranial cavity is no less important than that of their form and 
relationships because the diagnosis and localization of intracranial 
turnon is principally made from deranged function. 

As one opens into the rntraaanial cavity he comes soon upon the 
clear and colorless cerebtospinal fluid which everywhere surrounds the 
central nervous system within the meshes of the pia*arachnoid mem- 
brane. The brain and spinal cord are practically suspended within this 
liquid medium, which must aa as a buffer to protect it from shocks. 
It is not known that the cerebrospinal fluid has any special function, 
although some have thought that waste-products of the nervous tissue 
are discharged into it by way of the perivascular sheaths. The fluid 
is interesting to us largely because of its circulation. 

The CEREBROSPINAL FLUID IS produced by filtration from the blood 
{212) chiefly through the semipermeable membranes formed by the 
choroidal plexuses in the walls of the ventricles. As in the case of the 
aqueous humor of the eye and the glomerular fluid in the kidney it is 
practically free of proteins and has a high chloride-content which keeps 
it in osmotic equilibrium with the bloodplasma (213). The protein- 
content of the fluid in the lumbar region is 30 mgra. per 100 cc., in the 
cisternal region 25 mgm. per 100 cc, and in the ventricles 10 mgm. 
(13). The content in chlorides is 720-750 mgm. per 100 cc., consid- 
erably higher than the content of bloodplasma. 

The pressure at which the fluid is filtered through the capillaries 
of the plexuses is equal to the pressure in the capillaries minus the 
osmotic pressure of the nonpermeable constituents of the plasma. The 
actual pressure in the ventricles is always lower because of continuous 
absorption. In accordance with these facts the rate of formation and 
pressure of the cerebrospinal fluid may be increased, among other meth- 
ods, by decreasing the osmotic pressure of the plasma, or by increasing 
the pressure in the capillaries. The former may be done by intravenous 
injection of distilled water and the latter by occlusion of the great 
cerebral vein (of Galen) (458). Conversely by injection of hypertonic 


50 






52 


INTRACnANlAL TUMORS 


point, it is instantaneously increased in all parts of the subarachnoid 
space. Since the pressure follows clo^ly the intracranial venous pres* 
sure si is very easy to raise the pressure of the cerebrospinal fluid by 
obstructing the internal jugular veins in the neck, thus causing an in* 
tracranial venous congestion (Queckenstedt’s test) . 

Most of the fluid is formed in the lateral ventricles and passes 
from there through the interventricular foramina to the third ventricle, 
then through the aquedua (of Sylvius) into the founh ventricle, 
whence it passes through the median foramen (of Magendie), and the 
lateral foramina (of Luschka) into the posterior and basilar cisterns 
of the subarachnoid spaces (Fig. 24). TTiis flow cannot be observed 
directly but is inferred from both clinical and experimental evidence 
which shows that an obstrualon of the median and lateral foramina 
causes a hydrocephalus of the entire ventricular system, while an oc- 
clusion of the aqueduct causes dilatation only of the third and lateral 
ventricles (156). Moreover, an obstruction of one interventricular 
foramen causes distension only of the corresponding lateral ventricle; 
if the choroidal plexus of this ventricle be previously removed no dis- 
tension results {155). 

Similarly it has been shown that from the basilar and posterior 
cisterns the fluid passes mainly upward around the brainstem over the 
cerebral hemispheres to be absorb^ into the venous lacunae of the dura 
mater through the arachnoidal granulations {501). These granulations 
arc most abundant along the superior longitudinal sinus. If they be oc- 
cluded a hydrocephalus also develops {500) and, if dense adhesions 
are formed around the brainstem, the same result follows {155). 

The choroidal plexuses are not the only sources of the cerebro- 
spinal fluid nor are the arachnoidal granulations the only sites of its 
absorption. If the spinal canal be blocked and the fluid removed from 
below the obstruaion, the fluid is soon reformed. And, at least in 
certain animals, if the arachnoidal granulations are separated from the 
dura mater the fluid is still properly absorbed. It is probable that the 
fluid may be formed by direa transudation through the walls of the 
capillaries in the pia-arachnoid membrane, and that it may be re- 
absorbed by the same capillaries, especially over the sulci and gyrl of 
the cerebral hemispheres. It has been shown also that part of the 
fluid is absorbed along the nerves which leave the cranial and spinal 
cavities {499). 

It should be noted how many narrow passages occur along the 
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course of this fluid, so that its flow is readily blocked. The result is 
that disturbances of the dreulation of the cerebrospinal fluid play an 
enormous rdle in the symptomatology of intracranial tumors. If the 
fluid is prevented from reaching the venous sinuses, the pressure of 
the fluid tends to approach the diastolic arterial pressure. Formation 
of fluid would then stop were it not for the fact that the veins of the 
plexus are compressed. This causes the capillary pressure to rise and 
filtration starts again and a vicious circle is set up until the highest 
possible capillary pressure is reached, somewhere near the diastolic 
arterial pressure. Since little, if any, fluid is absorbed in the ventricles, 
the constant high pressure causes dilatation of the ventricles and a 
hydrocephalus develops. If the obstruaion is near the aqueduct the 
process may be aggravated by compression of the great cerebral vein 
(of Galen) which would also tend to raise the capillary pressure in 
the plexuses. 

The volume and rate of the vascular circulation through the 
brain depend on two faaors, ( 1 ) the caliber of the intracranial ar- 
terioles and capillaries and (2) the difference between the arterial and 
venous blood-pressures (200). The caliber of the intracranial arterioles 
is influenced by chemical substances in the bloodstream, by vasomotor 
nerves, by variations of the venous pressure and by variauons in the pres- 
sure of the cerebrospinal fluid. The difference between the arterial and 
venous pressures is influenced by obstruction to the venous outflow from 
the intracranial cavity, by variations of the systemic arterial pressure and 
by variations in pressure of the spinal fluid. 

Any inaease in the pressure of the cerebrospinal fluid is immediately 
transmitted to the thin-walled veins, so that pressure of the venous 
blood and of the cerebrospinal fluid becomes almost identical. The 
rise in pressure wJfhin the veins causes stasis of blood, Jf the rise 
in pressure is slow, and not too great, vasodilation results permitting 
the arterial pressure to be more directly transmitted through die capil- 
laries and arterioles into the veins, thereby overcoming the venous sta- 
sis by increasing the venous pressure. The velocity is lowered but the 
volume is maintained by the vasodilation. If the rise in cerebrospinal 
pressure is sudden and great, or if the difference between the arterial 
and venous pressure becomes so small that the velocity is reduced to 
approximately half the normal, a rise in systemic arterial pressure is 
. necessary to overcome the venous statsis, the difference in arterial and 
venous pressure inaeases, and the velocity of the intracranial blood- 
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flow again approaches the nocmal (5J9). This is brought about by a 
stasis in the vasomotor center of the bulb. This center is very sensitive 
to inaease in the carbon dioxide of the venous blood and its stimula- 
tion results in a rise in systemic arterial pressure via the splanchnic 
nerves. This rise of systemic arterial pressure following increase of the 
general intracranial tension is accompanied by slowing of the pulserate 
(Fig. 25), and the combination of the two symptoms is of the ut- 
most importance in the clinic for the diagnosis of increasing intracranial 





Fig. 25. Result of uicreaslag the iotracraoial pressure on pulse, bloodpressure 
and respiration (after (lusbiog). 


tension (226). If the tension becomes too great, rhythmical irregulari- 
ties of respiration occur ( Cheyne-Stokes respiraUon) . 

Because the veins of the eyeball drain backward into the cranial 
cavity local obstruction back of the orbits or general increase of intra- 
cranial pressure will interfere with their circulation. The result may 
be seen in the retina by examination with the ophthalmoscope. The 
veias hscome eagocged end Ktewous, cbe papilla at the opdc necve 
edematous and swollen (370). The optic disc is said to be "choked." 
11 the obscruaion continues hemorrhages occur and finally atrophy of 
the nervous fibers. 

But most important for our theme, of course, is an appreciation 
of the manifold FUNCTIONS OF THE DRAIN. The brain is really a com- 
pact group of organs. Our knowledge of their functions at the present 
time indicates that as the various parts of the brain are not identical 
in structure so they are not equipotential. This knowledge is largely 
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inferred from two sources of information, (1) the results of stimula- 
tion and (2) the results of destructive lesions of localized portions of 
the brain. Many Inferences are also drawn, (3) from the connections 
of different parts by way of fiber-tracts (259). 

Stimulation of the cerebral cortex is most readily obtained with 
an electrical current and this experiment has been made numerous 
times 094) on the brains of conscious patients operated upon under 



Fig. 26. Results of elcarical stimulation of the cerebral cortex. A — chewing, 
licking, and swallowing movements; B — eyes turned to the opposite side without 
visual aura; C — sensory aura in opposite leg followed by complex synergistic 
movements; D — unformed optical phenomena such as £ames and lights (after 
Foetster, modiHed). 

local anesthesia. The results may be rapidly learned from a reference 
to Figure 26. It will there be seen that the stimulation of the precentral 
gyrus in a definite order from above downward causes localized muscu- 
lar movements involving progressively the thigh, trunk, shoulder, hand, 
fingers, face, and throat. The motor centers for the foot and perineum 
are on the medial surface of the hemisphere (.423). It should be re- 
marked that the size of the area from which movements of the fingers 
can be elicited is out of all proportion to that of the rest of the 
motor area. If the stimulus is weak the movement is isolated and can 
be elicited only from the posterior margin of the anterior central 
gyrus. If the stimulus be stronger the movement may be obtained from 
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a wider area but spreads to adjacent parts and may finally involve a half 
or even the entire body in a convulsive attack exaaly resembling the 
epileptic attacks observed in die clinic. Anterior to the central gyri such 
convulsive attacks may be precipitated by strong stimulation of the pos- 
terior third of the superior frontal convolution. The head, eyes, and 
trunk bend to the opposite side and mnic complex movements of the 
contralateral arm and leg follow. Stimulation of the posterior extremity 
of the middle frontal convolution is similarly followed by isolated turn- 
ing of the eyes to the opposite side. 

Slight stimulation of the anterior margin of die posterior central con- 
volution results in exquisitely localized sensations which follow closely 
in distribution the movements elicited by stimulation of the anterior cen- 
tral gyrus. With slightly stronger excitation the movement of the corre- 
sponding part may accompany the sensation. Back of the posterior 
central convolution no effect follows very light stimulation but stronger 
excitation of the anterior extremity of the superior parietal lobule elicits 
a sensory auta in the opposite atm and leg followed by complex syner- 
gistic movements of the contralateral arm and leg. Farther back in the 
same lobule, stimulation is followed by a turning of the head, eyes, 
and trunk to the opposite side very similar to that elfdted by stimula- 
tion of the posterior pan of the superior frontal convolution. 

Stimulation of the poscecior pan of the superior temporal gyrus also 
causes the eyes, head, and crunk to turn to the opposite side but this is 
now preceded or accorapam’ed by acoustic aura or hallucinations. Ex- 
citation of the ocdpital pole causes epileptic attacks, ushered in by op- 
tical aura, such as lights, flames or scars, usually in the opposite visu^ 
field. Stimulation farther forward on the occipital lobe causes turning of 
the eyes to the opposite side associated with formed optical halluci- 
nations. 

Much information has also been obtained concerning the functions 
of the various parts of the brain from the study of the results of occlu- 
sion of arteries. This information is useful not only to the student of 
physiology but also to the surgeon who would operate on the brain and 
who needs to know what is apt to follow the ligation of the branches 
of the cerebral arteries. The superficial cerebral arteries are not endar- 
teries but their anastomoses are not sufficient to prevent serious degen- 
erations following occlusion of the main trunks. The resulting softening 
is most complete near the point of obstruction, the more distal parts 
being saved by anastomotic circulation. 
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Occlusion of the anterior cerebral artery {115) t before the origin, 
of the recurrent branch, results in a severe hemiplegia of spastic 
type and a left-sided apraxia if the hemiplegia is right-sided, also 
some motor aphasia if the lesion is left-sided. There is often some 
sensory impairment in the lower limb. When the hemiplegia is left- 
sided the apraxia is masked by the paral)^is. Some degree of mental loss 
will be present, comprising retardation, confusion, and disorientation 
amounting at times to actual dementia. When this artery is occluded 
after the origin of the recurrent artery (of Heubner) the hemiplegia 



Fig. 27. Scheme of die lateral surface of the cerebrum showing areas of distribu- 
tion of the branches of the middle cerebral artery. 


will predominate in the leg, and is often fiaccid; sensory changes are 
present as before; apraxia is present ia the left arm whichever side is 
affeaed by the paresis; the mental changes occur as before, and aphasia 
also, and the phenomenon of forced-grasping occurs in the paretic up- 
per extremity. The resulting softening shows that the absence of a mas- 
sive hemiplegia is due to the escape of the internal capsule. 

The posterior cerebral artery {198) may be still more briefly dis- 
posed of. Symptoms which may ar^ from the occlusion of this artery 
or its branches are numerous and include hemiplegia, hemianesthesia, 
hemianopia, aphasia with alexia predominating, cerebellar troubles of 
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asynergic type, paralysis of the oculomotor nerve and choreoathetosis 
But there seem to be abundant anastomoses because softening of the 
entire area is rare. The peduncular territory in particular usually es- 
capes. When the occlusion lies near the origin of the artery its proximal 
territory suffers most and there is a hemianesthesia of the thalamic type 
Pain and thermal sense are disturbed with spontaneous pain in the af- 
feaed side; painful stimuli have a peculiar radiating quality and cold in 
particular has a very disagreeable affect There may be homolatcral 
asynergia due to involvement of the superior cerebellar peduncle. There 
may be added a defea of the visual fields and mild aphasia with alexia 
if the posterior distribution is also softened. Of its three terminal 
branches the calcarine is most often occluded, giving rise to a herai- 
anopia, with or without alexia depending on the hemisphere affeaed 
It is concerning the middle cerebral artery that information is 
most abundant and detailed (J97). The cortical areas involved may 
be seen in Figure 27. Since lesions of the middle cerebral artery result 
often in difficulties of speech it might be well to stop a moment to de- 
termine some of the terminology which we will have to use. It would 
take too much space to justify the terms used. Suffice it to say that we 
shall employ the following terms: ( 1 ) aphasia, a disturbance of inter- 
nal language; (2) anarthria, a difficulty in externaliaing speech in the 
absence of paresis of the peripheral melanism; (3) dysarthria, a diffi- 
culty in externalizing speedi due to paresis of the peripheral mechan- 
ism; (4) alexia, difficulty in understanding written language; (5) audi- 
tory verbal agnosia, difficulty in understanding spoken language with in- 
taa peripheral mechanism; and <<5) apraxia, difficulty in the execu- 
tion of skilled acts (other than speech) in the absence of paralysis, sen- 
sory loss, or incoordination of the limbs. Three types of apraxia will be 
distinguished: (1) motor apraxia, which affects only the left arm and 
is due presumably to inability to transmit voluntary impulses to the 
right motor cortex; (2) ideational apraxia, due to loss of the concep- 
tion of the act to be performed; and (3) ideomotor apraxia, a mixture 
of the two which predominates usually in the right hand- 

Complete softening of the territory of the middle cerebral artery, 
from occlusion at its origin, is hardly compatible with life. Such pa- 
tients are comatose and survive but a short time. It is possible to de- 
termine, however, that there is a gross hemiplegia, hemianesthesia, 
hemianopia and, if the lesion is on the left side, a complete aphasia. 
Usually, however, a great part of the superficial distribution of the 
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anery escapes, due to collateral circulation, so that the most profound 
destruction occurs in the region of the perforating arteries and the 
proximal part of the superficial distribution, especially the island. The 
symptoms in this case are an intense hemiplegia, as marked in the 
lower as in the upper extremity. Secondary contracture is apt to be 
absent, the hemiplegia remaining flaccid with slight exaggeration of 
the reflexes. Sensory troubles when they exist are very slight. There 
may be a hemianopia. When the lesion is on the left side an aphasia 
is present with anarthria predominating. When the lesion is confined 
to the perforating branches there is an ordinary hemiplegia, except 
that the leg is tisually as much involved as the arm, with contractures, 
exaggerated reflexes, clonus and extensor plantar response. Sensory 
troubles are practically absent and there is no hemianopia. There is 
also no aphasia. 

If we turn now for a moment to study the efl’ects of occlusion of 
the terminal branches of the superficial distribution, w'e find that iso- 
lated cases of occlusion of the orbitofrontal, posterior parietal, rolan- 
die, angular, and anterior temporal arteries are rare and incompletely 
reponed- It would seem chat occlusion of the posterior parietal branch 
causes astereognosis and some loss of sense of position in the opposite 
arm and, if on the left side, an ideomotor apraxia. Occlusion of the 
posterior temporal artery, especially if it is well-developed, causes a 
hemianopia (and aphasia if the lesion be left-sided) with an ideational 
apraxia. The artery of the angular gyms causes an alexia with some de- 
fect in the visual fields. The isolated occlusion of the prerolandic and 
interparietal arteries is more common. Occlusion of the prerolandic ar- 
tery gives rise to a contralateral facial weakness, deviation of the 
tongue and weakness of the masticatory muscles, the upper and lower 
extremities being usually intact. When the lesion is on the left side 
there is added an anarthria, with aphasic troubles dominated by an 
intense alexia without hemianopia. The anterior parietal artery causes a 
hemipatesis, the movements of the hand being somewhat unstable and 
irregular and the lower limb a little trembly and hesitant. There is a 
hemih3fpesthesla involving all modes of deep and superficial sensation. 
There is no hemianopia and pyramidal symptoms are slight. At times 
the arm is much more profoundly paretic and, if the lesion is left-sided, 
an ideomotor apraxia may be present. 

Occlusion of two branches at a time is frequent. The posterior tem- 
poral and the artery of the angular gyrus are often simultaneously 



60 


INTRACRANIAL TUMORS 


occluded. When such a lesion affects the right hemisphere there is 
simply a hemianopia. When the left hemisphere is affected there is a 
marked aphasia; the amnesia is profound, involving loss of vocabulary, 
calculation, complex acts, and even such simple acts as are used in 
testing for ideational apraxia. Occlusion of the posterior parietal and 
angular arteries together is also common. Hemianopia results always. 
In the left hemisphere is added also a moderate aphasia and ideomotor 
apraxia. Spatial representation is disturbed, and the execution of acts. 
Often sense of position is much disnirbed, and errors in localization are 
gross. 

The softening resulting from occlusion of the rolandic artery varies 
greatly in extent. At times the lower end of the central 6ssure is sup- 
plied by a branch of the prerolandlc artery and again the upper end 
by a branch of the anterior parietal artery. The most upper part of the 
precentral gyrus is always supplied by the anterior cerebral artery. Oc- 
clusion of the rolandic artery leaves the lower end of the anterior central 
convolution intact and also the lenticular region. Hemianesthesia pre- 
dominates without aphasia or anarthria; there is a hemiparesis with the 
intensity end distribution of the paralysis very variable. 

Obstruaion of the middle cerebral trunk usually occurs after the 
origin of the anterior temporal anery. When the obstruction lies ante- 
rior to the common asceni^ng trunk die hemiplegia is outstanding, with 
both aphasia and ananhria. The absence of hemianopia when the lesion 
is far forward is due to the faa that the softening of the posterior 
pan of the distribution of the middle cerebral artery is not complete 
because of the collateral circulation. The hemiplegia and hemianesthesia 
predominate definitely in the atm. There is a lower facial weakt^ 
but almost always no loss of sensation over the face, and the leg also 
may escape an anesthesia. Anarthria is more common and aphasia may 
be slight. When the obstruaion lies beyond the origin of the ascending 
trunk, the hemiplegia is slight or absent but hemianopia is praaically 
constant; in the left hemisphere an intense aphasia and apraxia also 
result. 

In general the results of occlusion of the superficial cerebral veins 
are not very well known. One notable exception is the group of pre- 
central veins i4S6). Ligature of the superior longitudinal sinus back 
of them causes a paresis of both lower extremities, most marked in the 
distal segments (267). There is a severe rigidity with exaggeration of 
the tendon-jerks and extensor plantar responses and sometimes loss of 
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postural sense in the legs. The legs are usually- extended, adducted and 
rotated inward, the great toes being dorsally flexed. Similar effects in 
the contralateral leg follow ligation of these veins only on one side. 
Occlusion of the left middle cerebral vein usually causes an aphasia and 
weakness of the facial muscles which slowly improve. Occlusion of the 
small anastomotic vein of Labbe may have similar effects. The obstruc- 
tion of the great cerebral vein (of Galen) , which has few anastomoses 
with the superficial veins, causes coma with hj^erpyrexia, elevation of 
the pulse and respiratory rate, contraaion of the pupils, rigidity of the 
limbs, and exaggeration of the tendon-reflexes ( 16) . More chronic ob- 
struction to this vein seems ro cause a mild internal hydrocephalus 
i458). Occlusion of the internal occipital vein seems to result in a 
hemianopia which may be permanent {244). 

If we turn now to the effects of direct injury to the cortex we 
will find that its results agree in a general way with those of elearical 
stimulation and of softenings. The World War was a veritable experi- 
mental laboratory for the study of the physiology of the brain {270), 
and much of our knowledge has been obtained from the study of 
wounds received in this conflict. 

We may begin with lesions in the territory of the frontal pole. 
(190). They have been held responsible for a long series of uoubles, 
prominent among which are disturbances of character. A patient with 
an Injury in This region is inattentive, his time of comprehension is 
lengthened, new facts are appreciated with difficulty. He seems unable 
to grasp a situation as a whole. The emotional life is disturbed; such 
patients cry or laugh easily. Self-control seems poor. Ill humor, sexual 
lapses, depression, hysteroid attacks are common. Prominent is a tend- 
ency to "wisecracking.” Lack of orientation to the social and ethical 
restraints of the group, torpor, slowness in the formulation of ideas, 
marked irritability, and gross disorientation as to space and time are de- 
scribed. Injury to the posterior part of the superior frontal convolution 
causes a symptom known as “forced grasping” (1) in which the fin- 
gers close over any object placed in the hand and the patient cannot 
voluntarily relax his grasp. Inability to relax all the muscles of one 
side may be seen. Disturbance in conjugate movements of the head and 
eyes is frequent. The motor reaaion-time is lengthened. The opposite 
labyrinth is overexcitable. Visual nystagmus to the side opposite the 
lesion may be absent 

The correlation of these symptoms with the architeaonics of the 
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frontal region of the brain is at present impossible. The neurologist 
is often not interested in the psyche, and the psychiatrist of today is also 
not often interested in the structure of the brain. The result is that th«e 
patients fall between Scylla and Carybdis. Many of them die in asy- 
lums where no one is interested in studying their brains and when a 
brain falls into the hands of a ncuroanatomist he usually finds that 
the clinical observation leaves much to be desired. There is, however, 
some evidence to relate the tonic innervation and forced grasping to 



lesions of the posterior extremity of the superior frontal convolution. 
The loss of optic nystagmus is related to the posterior extremity of the 
middle frontal gyrus. The disturbances of intellect, emotion and charac- 
ter cannot be sharply related to any particular area of the frontal lobes; 
they seem to be more pronounced in injuries to the left frontal lobe. 
With injuries to both frontal lobes these psychic changes become pro- 
found (79). 

If we move now to the opposite pole of the brain the study of war- 
wounds has made it evident that injuries in the region of the calcarine 
fissure cause defects in the visual fields (266) and the analysis has 
been carried so far that we now know that lesions of the upper part 
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of the calcarine area cause an inferior quadrantic hemianopia. Com- 
plete destruction of one calcarine area causes homonymous hemianopia. 
lesions of the tip of the occipital lobe and of the posterior part of 
the calcarine fissure cause loss of macular vision. It seems perfealy 
evident that there is a point-to-point projeaion of the retina on the 
calcarine region, lesions of the outer surface of the occipital lobe are 
iometimes associated with disturbances of movements of the eyes and 
loss of spatial orientation, so that the patient loses his way in familiar 
surroundings (265). When the lesion approaches the supramarginal 
gyrus there is added difficulty in estimating distance and failure to 
recognize relative lengths and sizes of objects. There is also great diffi- 
culty in fixation of objects and in convergence and accommodation. 
Patients may collide with objects although seeing them. Injury to the 
left angular gyrus causes alexia; nearby lesions agnosia for fingers. 

In the temporal lobe we find that a lesion almost anywhere, if it 
involves the subjacent white matter, will cause a homonymous defect 
in the visual fields (133). A glance at Figure 29 will show why this 
must be so; the fibers of the optic radiation make a long curve for- 
ward around the temporal horn of the lateral ventricle thus exposing 
themselves to injury over a long distance. There is Hnle evidence that a 
unilateral lesion of the temporal lobe will cause defea of hearing but a 
bilateral lesion has been described which resulted in deafness (349). 
^is lesion involved on both sides the posterior thirds of the superior 
/temporal gyri, the transverse gyri, and the posterior parts of the middle 
^temporal gyri. There is no known case of bilateral destruction of the 
transverse temporal gyri without serious defect of hearing. 

Injuries of the anterior central gyrus cause paralysis, and the distribu- 
tion of the paralyses corresponds with the results of electrical stimula- 
tion (67). Injuries to the upper part cause paralyses of the lower limb, 
and to the lowest part paralysis of the face and throat. The areas for 
the arm and trunk lie in the middle region. These palsies may be 
sharply localized; paralyses restricted to two adjacent fingers have been 
observed. 

Wounds of the posterior central gyrus have shown no such sharp 
localization but in a grosser way a similar distribution exists (67), in 
that injuries of its upper end cause sensory loss over the leg and foot, 
while injuries to the lower end cause loss over the face. The arm and 
hand occupy a large intermediate zone, the ulnar area lying above the 
radial. The distal parts of the limbs are more afFected than the proxi- 




Ro. 29. Sdieme of the main projcaiOQ-tKithways of the cerebral conex— above, 
the eifereac pathways with the ori^ or the cerebropontine tracts indicated by 
circles, the origio of the cerebrospinal tracts by triangles and the vistial efferent 
pathways by crosses; below, the afferent pathways with the macular projeaion 
indicated dashes. A — anterior quadrigeminate body; 1 — ^lateral geniculate 
body: 2 — medial geniculate body; 3 — thalamic nuclei; P — pons. The exact 
origin of the cerebropontine pathways is disputed. 
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mal parts. The somesthetic cortex is widely spread in the parietal area 
and covers the postcentral gyrus, the superior parietal lobule, and part 
of the supramarginal gyrus. Injuries within these regions cause sen- 
sory loss of a peculiar type on the opposite side of the body (249). 
The crude recognition of touch, pain, temperature, and pressure is re- 
tained. The recognition of posture, the distinction of form and the 
discrimination of compass-points are those elements in which disturbance 
can be most frequently observed and most readily demonstrated. As a 
general rule in pure cortical lesions those forms of sensation subserved 
by the deep afferents, and consequently those which give us information 
as to the position in space of parts of our body, the spatial relations of 
different parts of our limbs and of their movements as well as the power 
of recognmng the shape of objects by handling them and their w’eight, 
are more affeaed than cutaneous serisibility. Defective recognition of 
differences in weight is most often present bur is nor so easily resred in 
the clinic. Next in order comes disturbance of appreciation of position 
and of movement and of the compass-test. The exan localization of de- 
structions causing loss of various aspects of sensauon is disputed. The 
sense of position seems to be heavily represented in the posterior central 
gyrus. Tactile impairment possibly is more affected in a horizontal zone 
running across the foot of the posterior central gyrus and the supramar- 
ginal gyrus. Asteteognosis without marked elementary sensory loss seems 
to result from injury higher up in the superior parietal lobule although 
difficulty in the recognition of form with gross sensory loss occurs from 
lesions anywhere in the somesthetic cortex. 

When lesions of the left hemisphere occur in right-handed persons 
anywhere in a broad band stretching backward from the posterior part 
of the middle and inferior frontal convolutions as far as the angular 
gyrus and covering the lower parts of the anterior and posterior cen- 
tral gyri, the supramarginal gyrvs, the angular gyrus, the superior rem- 
poral gyrus, and, in the depths of die lateral fi$sure, the island, troubles 
of the anarthria-aphasia-apraxia series occur (33 1 ) - Analysis of the war- 
woimds seems to indicate the distribution shown in Figure 28; analysis 
of vascular cases is in genera! agreement (359).. 

In an area (A) which covets the posterior. extremity of the middle 
and inferior frontal convolutions with the lower end of the anterior cen- 
tral gyrus, a wound causes an anarthria, associated often with alexia, 
agraphia, and contralateral facial weakness. The zone (B) of the supra- 
marginal gyrus gives rise to a global aphasia with loss of vocabulary 
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prominent; there is usually assodated with it a brachial monoplegia and 
hemianesthesia; ideomotor apraxia is the rule with predominance in the 
right hand; there is no hemianopia. With injury of the angular gyrus 
(C) occurs a hemianopia, complete or quadrantal; there is no hemiplegia 
and no hemianesthesia; there is no anarthria but an aphasia in which 
alexia predominates. Injury to the superior and middle temporal convo- 
lutions (D) causes a typical aphasia in which auditory verbal agnosia 
predominates, with paraphasia, jargonaphasia, perseveration, and loss of 
vocabulary; there is a hemianopia, often of inferior quadrantic type, but 
no hemiplegia or hemianesthesia. There is also an intermediate zone 
(E) over the island where wounds, cspedally if they be deep, lead to 
a profound aphasia and anarthria with a severe hemiplegia. 

From a study of the data which we have just outlined it follows 
that the results of electrical stimulation of the cortex, the results of 
occlusion of bloodvessels, and the results of direct traumatic destruc- 
tion of the conex and its subjacent white matter are roughly con- 
cordant. They also agree fairly well with what we know of the fiber- 
tract connections of the various cordcal areas. 

The transverse temporal gyri, the posterior central convolution, and 
the calcarine region have a similar cortical structure which we have dis- 
tinguished as the koniocortex. Into die transverse temporal gyri stream 
centripetal fibers radiating from the inferior colliculi and internal 
geniculate bodies which are known to be relay-stations for the central 
auditory pathways. Electrical stimulation in the neighborhood of these 
gyri causes auditory hallucinations, and bilateral destruaion of them 
causes deafness. The conclusion that the fibers of this radiation carry 
incoming auditory impulses is consistent with all the evidence. The 
pathway of the visual impulses from the retina to the striate cortex 
of the occipital lobe is e\’en more certainly known in great detail. The 
somesthetic pathway through the thalamus to the posterior central re- 
gion is also definitely known (Fig. 29). 

A correlation of the cytoarchirectural studies of the cortex with 
stimulation-experiments and with the results of injuries to the brain 
makes it evident that voluntary motion is initiated by impulses, from 
the large Betz<ells of the anterior central region, which pass centrifugal- 
ly over the cerebrospinal or pyramidal pathways (8.5). The areas from 
which complex turning movements of the head, eyes, and trunk to the 
opposite side can be elicited by electrical stimulatfon differ somewhat in 
structure but a study of the deeper relations of these areas shows that 
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in their neighborhood arise the cerebropontine tracts, if we accept the 
origin of the frontopontine tract in man to be the same as in lower 
vertebrates, for example in the opossum (326). Its exact origin in man 
is still in dispute among anatomists; by some it is supposed to arise 
farther forward in the frontal lobe. There is a region in the inferior 
frontal gyrus where the pyramidal cells of the fifth layer are especially 
abundant (field FDPof Economo and Koskinas) ; its significance is not 
clear. There is also an efferent pathway from field OA of the occipi- 
tal cortex. These efferent pathways are shown in Figure 29. 

The anatomical correlates, therefore, of such relatively simple func- 
tions as sensation and voluntary motion are somewhat familiar to us. 
We know also that the central mechanism of the more complicated 
function of language is usually clustered closely around the lateral fis- 
sure, but when we attempt to discuss a higher mental function, such as 
intelligence, we are greatly hampered by lack of consistent data. Yet 
certain areas of the brain are known, injury to which is peculiarly liable 
to disturb intelligence. One of these is the left occipitotemporal region. 
Another is the interior pare of the frontal lobe, although in this case 
the disturbance of character is predominant and 1 should be less 
willing to indicate the exact area involved. It is significant that these 
parts are just the ones in the human brain which are most developed 
beyond those present in the higher apes. 

Of course one has still to explain why, for example, injuries to the 
right supramarginal gyrus, which is as well developed as the left, should 
not cause any defect That is a complicamd problem which I will nor 
discuss. Some of the defects which are produced by injuries to the brain 
subsequently disappear; possibly other areas are able to take over the 
function of the injured part. But the student should not be misled 
by reports of removal of the frontal lobe, or of other parts of the 
brain, without resultant symptoms. Such reports mean only that the 
observer was not keen enough to detect the loss (242). Should the 
student try such a mutilation of the brain he would find not only that 
there are symptoms but that they are often discouragingly persistent. 

All of which goes to show that the different parts of the human 
cerebrum are not equipotential. The brain cannot be insulted with 
impunity and one must enter it with full knowledge of what the con- 
sequences may be. The symptoms which may be expeaed from in- 
juries to various areas of the left cerebral cortex we may summarize 
in two diagrams (Fig. 30). We have not discussed the cerebellum; 
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Fig. 30. Sdienie of the left cerebral hemisphere — above, the lateral surface in- 
dicatlog the various symptoms resulting from injury to certain zones; below, the 
median surfaa showing functions disnubed by injuries in various regions. 
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occasion will be found to do so later and also to e^ounine briefly the 
deeper gray masses of the cerebrum. I merely wanted to impress upon 
you that in the human brain the parts are not equipotential and that 
even the deject of intelligence does not, as is sometimes stated (, 310 ), 
depend only upon the quantity of cerebral tissue removed or destroyed. 



OtAPTEH 4 


THE ACOUSTIC NEURINOMA 

SYNDROME OP THE CEREBELLOPONTINE ANGLE 

As an example of how each intracranial tumor should be studied 
it would be difBcult to find one more suitable than the acoustic neuri* 
noma. With it we will begin our detailed analysis of the symptoma- 
tology, diagnosis, and treatment of the various types of intracranial 
tumors. The acoustic neurinoma was perhaps the first to be treated 
in this way in a dissertation by Folke Henschen published in 1910. 1 
will show you some patients with fairly typical symptoms so as to bring 
the matter graphically before you. 

This young workman (case i), twenty years of age, appears some- 
what thin and asthenic, but seems quite well as he sits on his chair 
before us except that the left side of his face droops and the left 
eyeball is rotated slightly inward. The lack of parallelism of the two 
eyes is more evident when the patient is asked to look to his left 
side without turning his head; the left eye does not move outward be- 
yond the midline ( Fig. 31)- This means, of course, a paralysis of the 
external rectus muscle, which is innervated by the sbeth cranial nerve. 
You see also that the nasolabial fold on the left side of the face is 
not so evident as on the right side, the left upper lip lags, and the 
left eye does not close completely. These are indications of weakness 
of the facial muscles of the left side of the face, innervated by the 
seventh or facial nerve. The left acoustic nerve is also affected. If 1 
close the right external acoustic meatus with my finger and speak to 
him in an ordinary tone of voice he does not respond. When I ask 
Vivm VO tiK Tr/ocAV> \V<e 'Aywi ^arw to 'i* Wt, 'Kb.vtb. 

means that the pterygoid raxiscles on the left side are weak; they 
pull the condyles of the jaw forward, the left one being weak the 
jaw is dislocated to the weak side. The left masseter muscle is also 
weak as we can prove by asking him to clench his teeth. Palpation 
of the masseter muscles shows that the left one contracts much more 
feebly. These muscles are both innervated by the trigeminal nerve, 
which supplies also cutaneous sensation to the face. Although it is diffi- 
cult to demonstrate any loss of sensation over the skin of this boy’s 
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face, the cornea on the left side is dearly not normally sensitive be- 
cause when cotton-wool is drawn across it he does not wink or flinch, 
whereas similar stimulation of the right cornea causes withdrawal, an 
expression of pain, and profuse flow of tears. 

The fifth, sixth, seventh, and eighth cranial nerves are, therefore, 
afleaed on the left side. Nor is this all. When he is asked to open 
his mouth widely and I touch the posterior wall of the pharynx on 
the right side he gags, but when I touch the left side he makes no 




Fio. 31. Patients with acoustic tumor At the left. Case I with left facial paresis 
and paralysis of the left sixth nerve (patient looking to the left); at the right. 
Case ll with a right facial paresis, wetness of both sixth nerves and the head 
tilted to the right. 

objeaion. If he tries now to say Ah you may see that the palate moves 
upward on the right side but that the left side lags behind. Sensation 
of the pharyngeal wall is carried through the glossophar}’ngeal nerve, 
but complete transeaion of this nerve causes no paralysis (24). Weak- 
ness of the palatal musculature appears only when the tenth nerve is 
affeaedr"! tie sternomastoid musdes are both of equal power and the 
tongue is protruded in the midline without tremor or atrophy; the 
eleventh and twelfth cranial nerves are, therefore, normal. 

There is, then, paresis of the cranial nerves on the left side from 
the fifth to the tenth, inclusive. These nerves all emerge from the 
brainstem in the cerebellar fossa in the neighborhood of the pons and 
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cerebellar peduncles. It is easy to show that the cerebellar apparatus 
on the left side ts also affeaed. When he puts his left hand to his 
nose the unsteadiness of the movement is very pronounced and when 
he tries to walk his gait is reeling, with a verj* definite deviation and 
tendency to fall to the lefj side. 

This combination of unilate ral involve ment of the cerebellu m with 
m ultiple parese s oT the homoiatera l cranial ne rve s of the cerebella r 
fossais kno wn as th ^SYNDROME of t he ce ^dellopontine _angl e. 
The story of how it was produced iiTthis boy is as follows: He had al- 
ways considered himself well until about a year ago, when he began to 
stagger in walking. This trouble annoyed him at his work so he con- 
sulted a physician who made a lumbar puncture and, although the 
cerebrospinal fluid was normal, he was treated with intravenous injec- 
tions of neoarsphenamine for five months. During this time there seems 
to have been no other complaints and no other symptoms could be 
elicited except slight difficulty inj ifari ng with the left ear. This slight 
deafness had been present for a long time, it is not known how long, 
but when he went to work for the telephone company more than two 
years previously he already had to listen to the telephone with his right 
ear. After his injeaions he had moderate headache but only vomited 
once follow^g his lumbar puncture. He continued fairly well until 
a month before admission although he had become completely deaf in 
the left ear and his speech was Indistinct. Then another lumbar puncture 
was made, after ^ich he was much worsej the left arm and le g be- 
came weak; walking became almost impossible, and there developed 
some blurring of vision. A neurologist was called in consultation who 
sent him to this clinic. 

When he was admitted to the hospiml he could walk only with as- 
sistance; when left to himself he staggered and fell to the left and 
backward. He lay usually in bed with a rather blank expression on 
'n’ls iace anci Wnen quesiionei answerei ^loWiy a^ter a 'tong praose, 
with a thick and indistina articulation. There w’as a convergent squint 
to the eyes due to weakness of the left external reaus muscle. When 
he was asked to look to the right and then to the left there developed 
a nystagmus which was less evident and more rapid when he looked 
to the right. The left corneal reflex was weaker than the right. The 
retinal veins were congested and the optic disc was swollen and e 
vated 2.5 diopters on the fight side and 4.0 diopters on the left si( 
The left side of the mouth drooped and he could not close the left 
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eye well. He cou ld n ot taste well on the left half of the tongue. He 
was completely deaf in the left ear and irrigation of this ear wit h cold 
wat er provoked no ny stagmus and no dizziness. The left side of the 
palate lagged when voluntarily mriCrrsfSdTHe choked when swallow- 
ing and his voice was hoarse. There was a very marked incoordina- 
tion of the left arm and leg; movements of the right arm and leg 
were fairly steady. He could not walk without assistance, but reeled 
to the left and often fell backward. There was no exaggeration of 
the tendon-reflexes on either side and no sensory loss over the body 
and extremities. A roentgen examination of the head revealed no ab- 
normality of the skull. 

He had at that time, therefore, a syndrome of the cerebellopon- 
tine angle much more marked than at present and symptoms of in- 
creased intracranial pressure besides. Moreover, deafness of the left 
ear seems to have been the earliest symptom, A diagnosis of acoustic 
neurinoma was made, with some hesitation because of his a ge, and a 
suboccipital cranieaomy was performed under local anesthesia. The 
smooth surface of a f^dkh.ygllnw mmof was found in the left cere- 
bellopontine angle. The ninth, tenth, and eleventh cranial nerves could 
be seen stretched around its inferior extremity. There was a large cyst 
formed by the chickened arachnoidal membrane over the tumor. This 
was emptied of its yellowish fluid. An incision was then made through 
the capsule of the growth and its contents removed with a soft metal 
spoon. No attempt was made to remove the capsule. It is now seven- 
teen days after the operation. His incoordination is much improved. 
He walks without assistance, but is still unsteady and reels to the left. 
His speech is more distinct and he no longer chokes when swallowing. 
He has no headaches. The swelling of the optic discs has subsided. 
The facial weakness is, however, more apparent. 

This is a fairly typical clim'cal record of an acoustic neurinoma, 
except for the age of the patient. Analysis of a large number of cases 
shows that the average age of onset of symptoms is around thirty-fiv e 
years (Fig. 32). 

“Tlie other patient (case ii) which I have to show you is a young 
woman of thirty-six who has been deaf in her right ear as long as 
she can remember, but otherwise quite well until seventeen months be- 
fore admission. At this time she began w have some defect in speech. 
Shortly afterward she noticed that the right hand was uncertain in 
its movements and she began at times to stagger to the right in walk- 
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ing. At about the same epoch, for a pecbd of two ot three weeks, 
she had severe frontal headache; sina then the headache only occasion- 
ally recurred. A bout two months before a d mission the right side of h er 
face began to feel numb. Lately she saw double and the vision ot the 
^ right eye was blurred. 

When admitted she was in good general health. There was no 
tenderness or stiffness of the neck but the head was held tilted to the 
tight (Fig. 31). On looking to the left there was a very rapid fine 
nystagmus; on looking to the right the nystagmus was much coarser 



and slower. The quick component of the nystagmus was always out- 
ward. The optic discs were swollen 3-4 diopters; the visual fields were 
normal. The right corneal reflex was absent. There was a weakness of 
both sbeth nerves. The entire ti^t side of the face was hypoesthedc 
and there was a weakness of the entire right facial muscxilature. The 
right side of the palate lagged both on voluntary and reflex stimula- 
tion. The right ear was deaf and there was no response of the right 
labyrinth to caloric tests. The hearing was also diminished in the left 
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eat in which she had a ch ron ic suppurative otitis media. The left 
labyrinth responded fairly well to caloric tests. The speech was dys- 
arthric. There was slight tremor of the right hand and slight but defi- 
nite incoordination of the right arm and leg. The gait was unsteady 
with a tendency to deviate to the right. The tendon-reflexes on the 
right side were feeble. Roentgenogram of the head showed the righ t 
in ternal acoustic mea t us to be d ilated (Fig. 33)- 

This patient also had pareses of the fifth, sixth, seventh, eighth, 
ninth, and tenth nerves with symptoms of cerebellar involvement. The 



intracranial tension was obviously high and the deafness of the right 
ear preceded the other symptoms by many years. A diagnosis of right 
acoustic neurinoma was made. 

Suboccipital exploration disclosed a smooth tumor high up in the 
right arebellopontine angle. The lobulus biventer and outer half of 
the lobulus gracilis were removed from the right cerebellar hemisphere 
giving.an excellent approach to the tumor. The capsule was incised 
and the interior of the growth removed until the capsule could be 
collapsed. Bleeding was carefully checked and the wound closed. She 
recovered promptly. The swelling of the optic discs subsided rapidly. 
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It is now twenty-seven days after operation. There is still the same 
nystagmus as on admission. The right facial weakness is less. The 
right corneal reflex is present but sluggish and there is some slight 
hypoesthesia of the ophthalmic division of the right trigeminal nerve. 
Very little dysarthria remains. There is a very slight incoordination 
of the right arm but a very marked inosordination of the right leg 
and some also of the left leg. She can walk alone but her gait is quite 
unsteady. The head is held tilted to the right and the entire body is 
curved with concavity to the right. We see, therefore, that although 
she is much more comfortable, some of the cerebellar symptoms arc 
more marked than before, and these doubtless result from removal of 
the lobulus biventer. 

In these cases the tumors were so large that it would be impossible 
at operation, perhaps even at necropsy, to be sure of the exaa origin. 
But examination of a number of very small tumors of this sort has 
demonstrated the interesting fact that they arise usually, perhaps al- 
ways, within the internal auditory canal and from the vestibular divi- 
sion of the eighth nerve. If we turn for a moment to the notmal 
STRUCTURE AND DEVELOPMENT OF THE ACOUSTIC NERVE WC may 

gain some clue to the reason ( 443 ). 

The eighth nerve first becomes visible in the embryo as a group 
of cells, lying medial and ventral to the auditory vesicle, known as 
the acoustico-facial ganglion. The facial portion is early distinguish- 
able by its pale staining and the larger size of its cells, liie remainder 
of the triangular mass is undifferentiated but eventually divides into 
the dorsolateral vestibular ganglion and the dorsomedial cochlear 
ganglion. The cells of these ganglionic groups differentiate in two di- 
reaions; part of them become bipolar nervous cells, and others be- 
come the subcapsular satellites of the nervous cells and the neurilemmal 
cells of the sheaths of their fibers. The vestibular ganglion<ells are 
the first to put out fibers toward the auditory vesicle, followed shortly 
by the cochlear. From the odier extremities of the bipolar cells, fibers 
enter the brainstem to form the intracranial portions of the vestibular 
and cochlear divisions of the acoustic nerve. These fibers are accom- 
panied by neurilemmal cells from the same source but the nervous 
fibers outgrow them. Also from die brainstem neuroglial cells migrate 
outward along the ingrowing fibers and the two types of covering- 
cells meet at a variable distance from the brainstem. 

The acoustic nerve is about 17-19 mm. in length in an adult male. 
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Microscopically it is clearly divided into two parts, a proximal and a 
distal part, of quite difierent structure. The proximal part, for an 
average distance of 10-13 mm. from the brainstem, is composed, in 
addition to the nervous fibers, of neuroglia. The distal portion has, 
on the contrary, the structure of a peripheral nerve; perineurium, cpi- 
neurium and endoneurium. and neurilemmal sheaths are clearly dis- 
cernible. The point of junction of the two portions lies about the level 
of the poms acusticus internus. 

The junction of neuroglia and perineurium is usually located some- 
what more distally on the vestibular nerve, which also contains much 
more connective tissue. Its perineurium and epineurium are especially 
distinct. Whereas in the cochlear ganglion the subcapsulat cells are 
regularly arranged and placed beneath the capsules of the ganglion- 
cells, in the vestibular ganglion there is an excessive number of irregu- 
larly situated cells resembling subcapsular or neurilemmal cells lying 
in a disorderly fashion between the ganglion-cells. 

The origin of these neurinomas is evident from their microscop/caf 
stmcture. Th ey must arise from the distal part of the nerve becau se 
the neoplastic ceils resemble the neurilemm a. Actually the earliest 
tumors of this type have been found in the poms acusticus internus 
as expeaed from this theory. It is not so clear why the tumor should 
arise fr om the vestibular division ^epf p ossib ly that there se ^s a 
normal ten dency in its ganglion to overproduaion ol neurilemmal c ells. 

The GROSS APPEARANCE OF THE TUMOR, as it is usually seen at 
operation or necropsy, is charaaeristic (Fig. 34). After it has reached 
a size sufficient to kill the patient or cause him to seek relief at the 
hands of the surgeon, it varies in size from 4-7 cm. in diameter. It 
lies in the angle between the petrous pyramid, iKe tentorium cerebelli, 
the cerebellum, and the brainstem. It is closely applied to the petrous 
pyramid and base of the skull, to the irregularities of which it usually 
conforms, but the surface which compresses the cerebellum is smooth 
or only grossly nodular. The color is pinkish-gray with often yellow- 
ish areas. The yellowish areas are much softer; the grayish areas quite 
firm. Over the surface of the growth mn irregularly many branches of 
the bas ilar art ery destined to supply the cerebellum. They are also 
densely adherent. Similarly large veins are scattered about, apparently 
with no definite plan. The tumor c ompresses the s igmoi d sinus and 
may even exten d through the jugular^foram en. ihe whole group is 
surrounded by a «psule ot arachnoidal membrane, clearly visible at 
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operation, but difficult to demonstrate at necropsy. This capsule con- 
tains a variable quantity of fluid, often sufficient to form a veritable 
cyst over the posterior surface of the growth. The cyst is obviously 
formed by accumulation of cerebrospinal fluid in the lateral cistern of 
the subarachnoid space. 

When the subarachnoid membrane is removed the relations of 



Fig. 54 Base of the brain ao acoustic nimor m place Note the pres- 
sure<one, dilated infundibulum and sttetcbm^q of the fifth, seventh, ninth, 
and tenth nerves 


the tumor to the cranium may be studied. If the tumor is small the 
araustic nerve may be found entering the medial surface of the tumor; 
if the tumor is large it may be impossible to identify it ( 347 ). The 
peripheral part of the nerve is never visible. The facial nerve is 
stretched tightly over the anterior extremity of the tumor and flattened 
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into a narrow ribbon which may be ducx>verable only on microscopical 
examination. It is elongated at times to as much as 3 cm. The fifth 
nerve is also compressed and elongated by the anterior pole of the 
growth. The sixth nerve, however, usually lies free. Around the in- 
ferior extremity the ninth, tenth, and eleventh nerves are similarly 
elongated and compressed. It is possible to dissect free tbe fifth, ninth, 
ttnth, and eleventh nerves, but often the seventh is too firmly adherent. 
The (^ rebellom and brainste m are pushed aside and de gply indented ; 
the latter suffers most The c erebellum is also th^t downward through 
the fora men magnum b y the tension above; the imprint of the latter 
is riporty vUlMpanH hcmated downward to form what 

is known as a "pressure-cone.” The tumor almost invariably extends 
deeply into the interim acoustic meatu s. TTiis extension^ broken off 
when the tumor is removed, llie internal acoustic meatus is often 
enlar ged and the petrous py ramid extensively eroded. 

There is almost always a certain degree ot inter nal hy drocephalus 
which is visible on the under surface of the brain as a marked distension 
of the i nfundi bulum. The s ella tu rcica is correspondingly eroded, the 
dorsum and 'clinold processes being ^trophic and sharpened. There 
may be mulci^e small herniations of th^erebnim through the open- 
ings of the arachnoidal granulations. 

The MICROSCOPICAL STRUCTURE of the mmor is quite characteristic 
also (Fig. 35). It is made up of two types of tis sue. There is in the 
first place a reticulated tissue in which the boundaries between the 
cells are not very distinct. Here the cytoplasm seems to form an inter- 
lacing network of broad bands between which are edematous spaces 
and numerous rounded cells full of lipoidal granules. The cytoplasm 
has in m ost inst a nces undergone a hyaline transformation . Small darkly - 
stai ned nuclei l ie here and there in the cytoplasm and scattered bands 
of reticulin travers e the loose tissue in various directio ns. The se areas 
are obviously undergoin g an extensive degenerat ive change . The denser 
tissue is composed ot interlacing saeams ot very donated narrow 
bipolar cells. Their cyto plasm is scanty and extends from each ex- 
tremity as a delicate s trand. The nuclei are very elongated and shapecT 
somewhat like sausages; when cut in cross-section they appear small 
and round. Parallel to the long axes of the nuclei is an unbelievable 
number of delicate strands of reticulin (376). Collagen is present only 
around the bloodvessels except near areas of degeneration. Elastin is 
almost never found and fibroglia rarely. Mitoses are rarely seen. 
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There is often a charaaeristic tendency for the nuclei to lie parallel 
to each other to form a sort of palisade. This arrangement is found 
in some other tumors, such as m^mas of the uterus, but rarely in 
any ocher intracranial rumor. The myriads of delicate fibers of reticulin 
and the palisading of the nuclei serve to identify an acoustic tumor. 

The SYMPTOMS OF ACOUSTIC TUMORS are ^itljLCQnsistent. When 
one remembers that all of the early tumors heretofore described devel* 
oped from the vestibular division of the acoustic nerve, it is strange 
that the vestibular symptoms do not often figure prominently in the 



early history of these patients. Yet in most instances symptoms are 
first noted from the cochlear division. But a few cases are recorded 
in which the clinical history began with attacks of vertigo and ^zzi- 
ness so severe as seriously to inconvenience the patient. Vertigo occurs 
in two forms; in one there is a definite sense of movement of self or 
of surrounding objects, in the other it is an indefinite sensation gen- 
erally described as a "giddy feeling.” The sense of displacement o f 
act ernal ohjerr-; k from the side of the lesion to the ^Dosite sid e, 
whereas the subieaive rotation of self is always from the healthy side 
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toward the side of the Jesion. A sen sation of unsteadiness and insta- 
bility of gait is frequently pres en t later in the cours^of the disea se 
but at this time it is difficult to distinguish the role played by the ves- 
tibu le from that of the cerebell um. 

In the vast majority of cases the inaugural symptoms are auditory. 
Tinnitus or deafness may precede other symptoms by a few months or 
as much as a decade. It is always possible that in doubtful cases a 
preexisting deafness was overlooked. Experience shows, for example, 
that an increasing deafness of the right ear is unperceived much longer 
than a deafness of similar degree of the left ear, because the left ear 
is used for listening to the telephone. Tinnitus usually precedes the 
deafness. The noises heard are variously likened to rushing, roaring, 
buzzing, swishing, or ringing sounds. They are usually referred to the 
deaf ear, but may be referred to the opposite ear, and occasionally are 
bilateral. The defect in hearing usually progresses steadily from the 
appearance of tinnitus to practical or a>mplete deafness, but occasion- 
ally a sudden deafness seems to appear relatively l ate in the course of 
the disease, karely th ere is no deatness on the side of the tumor. 

We Eave seen that the fifth, seventh, ninth, tenth, and eleventh 
nerves are elongated and distorted by the tumor. As might be cx- 
peaed symptoms referable to these nerves appear later and are more 
often absent than the auditory symptoms. Symptoms of irritation of 
the facial nerve are not uncommon and consist of spasms or twitchings 
which may be more or less constant or come on in attacks so that a 
mistaken diagnosis of focal epilepsy is made. Rarely a spasmodic tic 
may be the first symptom of an acoustic tumor. The slight facial weak- 
ness frequently present is usually overlooked by the patient. Prob- 
ably after the eighth, the fifth nerve is the one from whose involvement 
the patient is most apt to notice symptoms. Paresthesias are variously 
described, such as numbness, tingling or burning sensations in the 
face, and the mucous membranes may also rarely be involved. Actual 
pain is uncommon (367) and when present usually slight and transi- 
tory. Rarely paroxysms of pain occur early which may lead to an er- 
roneous diagnosis of major trigeminal neuralgia. A subjective disturb- 
ance of taste is frequently noted and may be explained by involvement 
of the fifth, seventh, and ninth nerves, all of which are impaired by 
the growth. 

Symptoms of involvement of the ninth, tenth, and eleventh nerves 
appear late. Prominent among them are difficulty of swallowing and 
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of articulation. The patient becomes conscious that the act of swal- 
lowing requires more e0ort and that food is apt to return into the 
nasal passages or into the larynx and cause coughing and sneezing. The 
speech also becomes thick, slurred, and indistinct. Diplopia is a fre- 
quent symptom although it has been skwn that the eye-muscle ner\’es 
are not direaly affeaed by the growth. The sixth nerve is most fre-\ 
quently involved, probably compressed by some branch of the basilar I 
artery. 

Prece ding the involvement of the cranial nerves, concomitant with 
it, or more rarely much later, appe ar symptoms of derange ment o f 
th e cerebellum . The patient may notice a tendency to drop things from 
one hand. Usually, however, the involvement of the upper extremity 
is slight. The lower extremity is much more aflected and the gait be- 
comes unsteady and reeling and there is a tendency to deviate or fall 
to the side of the tumor. The incoordination may become so great that 
the patient is completely bedridden. 

Often early in the course of his illness the patient is conscious of 
a stiSness of the muscles of the neck on one side and this discomfort 
may progress to actual pain which radiates to the frontal region. Later! 
there is generalized headache, vomiting, and failing vision from gen-| 
eral Intracranial hypertension. 

The OBJECTIVE SIGNS of couTse vary with the progress of the dis- 
ease, but when the patient presents himself for examination in a mod- 
erately advanced condition he is usually dull and apathetic from the 
pressure of an internal hydrocephalus. He walks with a reeling gait, 
with a definite tendency to deviate and fall to one side. The head is 
held tilted to the affeaed side, probably from unilateral vestibular de- 
fea. There is a strabismus from involvement of the sixth nerve. The 
suboccipital region is tender to pressure, especially on the deaf side, 
and the jwtient resists any attempt to flex the chin on the chest from 
af a KSulcanc headache. When asked to hak Rest to one side 
and then the other nystagmoid movements of the eyes are provoked, 
with the quick component outward. The nystagmus is slower and more 
evident on looking to the side of the lesion. The optic discs are 
choked and visual acuity may be reducoL There is a hypoesthesia of 
the fifth nerve, usually evident only by the absence of the corneal 
reflex, but a generalized hypoesthesia to all forms of sensation may 
be found.'^trophy of the muscles of mastication is uncommon but 
the jaw may deviate to the affected side. One eye fails to rotate out- 
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ward. There is a weakness of the face on one side which is often so 
slight that yon see only on one side of the mouth an inconspicuous 
drooping which disappears on voluntary movement. The ear on the 
affeaed side is almost or totally deaf; sometimes an island is found 
where certain tones are retained. Vestibular tests on the affeaed side 
give no response and there is also no response from the vertical canab 
on the opposite side (473) • The palatal reflex on one side b absent and 
the soft palate on that side lags on voluntary movement. The tongue 
almost invariably protrudes in the midline. All of the signs of involve- 
ment of the cranial nerves are usually on the deaf side but some of 
the nerves may be involved bilaterally or contralaterally. Such contra- 
lateral si gns are probably the result of the extraordi na ry distortionJif 
the brainstem . T he fifth and eighth nerves are those most likely to be 
involved on the oppt^ite side . Except for the symptoms of the acoustic 
nerve th e disturba nces of the other nerves fluctuate greatly in intensity. 
Thb fluc^tion is probably rel ated to the ar^noidal cyst which sur- 
rounds the tumor. The involvement of the cerebellum and its peduncles 
is evidenced by the asynergia, hypotonicity, and hypermettia of the 
arm and leg on the dotT" side. The reeling gait and deviation to one 
side when walking are other evidences of the same disturbance. 

Due to the pressure of the tumor on the bulb the sensory or motor 
tracts are compressed in the later stages of the disease giving rise 
03 a sensation of numbness in the arms and legs and exaggeration of 
the reflexes. Usually these symptoms are bilateral but may be contra- 
lateral and the numbness b often homolateral. When the intracranial 
tension b very high, of course, coma may occur with respiratory diffi- 
culties. There occur also attacks of so-called "cerebellar” seizures dur- 
ing which the neck b retraaed, headache b intense, the pulse-rate 
b slow, respiration b embarrassed, and the patient may become un- 
conscious. 

From the smdy of a long series of cases (122) it has been found 
that the symptoms usually occur in the following order: ( 1 auditory 
and labyrinthine symptoms; (23f'suboccipital discomfort; (3) incoor- 
dination and staggering gait; f4) involvement of adjacent nerves; 
(5) headache, vomiting, and choked dbes; (6) dysarthria, dysphagia, 
cerebellar seizures, and respiratory difficulties. Thb order may be in- 
terpreted from the pathological anatomy to mean that the tumor arises 
from the eighth nerve and presses first against the cere bellar p eduncles, 
later involving the adjacent nerves. The circulation of the cerebrospinal 
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fluid is finally impeded, causing an internal hydrocephalus and in- 
creased intracranial tension. With increasing size of the tumor the 
ninth and tenth nerves are involved, and finally the compression of the 
brainstem becomes extreme, causing respiratory difficulty and tem- 
porary periods of bulbar anemia. 

The DIAGNOSIS OF AN ACOUSTIC TUMOR is difficult in the early 
stages of its growth (203). It must be differentiated from all the 
multifarious affeaions of the interna! ear causing deafness or tinnitus 
and vertigo. The diagnosis will, of course, be much more difficult in 
those rare cases of bilateral tumor. Gireful examination of the external 
and middle ears will clear up many doubtful cases, and a history of 
otitis media will give a clue to cases of arachnoiditis in the homolaterai 
angle. It is in chronic or subacute affeaions of the internal ear unas- 
sociated with suppuration that most difficulty will arise. Such con- 
ditions, however, are usually bilateral and it is only the rare cases in 
which the disease predominates markedly on one side that are confus- 
ing. The most frequent conditions to be differentiated are otosclerosis, 
syphilitic labytinthitis, toxic neuritis, senile or arteriosclerotic deafness, 
andlTemorrhageintothelabyonth. “ 

Otosclerosis is a disease more frequent in females. It begins usually 
in young adult age. It is usually bilateral. In 50 percent of the cases 
there is a definite hereditary taint. Examination shows that conduaion 
by bone is lengthened, and longer than conduaion by air; the lower 
limit of perception of sound is raised. Vertigo is a minor symptom of 
otosclerosis. Syphilis of the internal ear is charaaerized by suddenness 
of onset of tinnitus and vertigo followed by rapid progression of deaf- 
ness, There is marked diminution of perception of sound through the 
cranial bones and cond u^on bv air is definitely longer than conduction 
by bone. It is usually a bilateral affcaion. Senile or arteriosclerotic deaf- 
ness is usually bilateral and not accompanied by giddiness; the age and 
general condition of the patient indicate the nature of the affection 
''Labyrinthitis from leukemia, nephritis or drugs, may be suspeaed 
from the history and general examination and, in these conditions, one 
does not find complete deafness or total loss of vestibular reaaions. 

The p ositive diagnosis of an acoustic neurinom a is based largely upon 
the charaae ristic progression of symp toms. The tumor must be differen- 
tiated from other types ot tumor developing in the same region and 
giving rise to the syndrome of the cerebellopontine angle. The charac- 
teristics of the syndrome of the cerebellopontine angle are evident 
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from the name and ronsist of symptoms of involvement of the fifth, 
seventh, eighth, ninth, and tenth nerves combined with sympmms of 
homolateral involvement of the cerebellum. It is obvious that any ex- 
panding lesion in the angle between the petrous pyramid, tentorium, 
cerebellum, and pons may cause such a combination of symptoms. But 
experience has shown that unless the symptoms appear in character- 
istic order an acoustic tumor cannot be diagnosed with certainty. 

The lesions most frequently a>nfused with acoustic tumor are the 
following: 

1. Glioma of the pons (277). A glioma developing within the 

brain^twa in the neighborhood of the point of entrance of the eighth 
nerve may give rise to a clinical disturbance beginning with tinnitus 
or deafness and vertigo, followed by cerebellar disturbances and in- 
volvement of the other nerves in the angle so that a differential diag- 
nosis is difficult Usually, however, such tumors occur in c hildren, bi- 
lateral involv ement is m ore frequent, pyra midal and sensory distur b- 
ances are more evident, and symptoms fr om intracranial hypertensio n 
are late Ito" develop or abse nt. Optic neuritis is usually ab sent: he^- 
aches ar e less intense . Pareses of conjugate lateral movements of th e 
eyes are fxegue^ ~ 

2. Menin piomas of the an gle. Such tumors may give a complete 
syndrome which is only to be differentiated by the f act that acou stic 
symptoms wer e late to devel op. Rarely such a tumor develops in the“' 
internal'acoustic meatus; the differ entiation then becomes impossible. 

3. l^erijaps the most frequent source of error is to be sought in 
the localiz ed arachnoiditis of the lateral cist ern. Espe cially is this 
the case when t he corresponding w is defective from an old infeoin n 
which may nave ^voked the chronic arachnoidal tbiclrening . The 
symptoms of chronic serous arachnoiditis are notoriously fluctuant but 
so are those of acoustic neurinomas and probably for the same reason. 
We have noted how often an acoustic tumor is surrounded by an 
arachnoidal cyst. In either case the symptoms may be r elieved by lu m- 
bar puncture. Even at operation the confusion does not c^ase for very 
often the surgeon has evacuated the cystic accumulation of fluid around 
a tumor of the angle and, failing to dislose the tumor, has recorded 
the case as one of arachnoiditis, only to have the growth demonstrated 
by the pathologist at necropsy. 

4. Intrac erebellar tumors (437). The symptoms of increased in- 
tracrantal tension appear early and palsies of the cranial nerves are 
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usually late and slight. The trigeminal nerve is rarely invo lved. Weak- 
ness of the palate or vocal cords, difficulty of swallowing, and dis- 
turbances of phonation are absent. The hands are less ataxic. Crossed 
hemiparesis is absent. 

The surgeon would be delighted to have acoustic rumors diagnosed 
in the early stages of their evolution when only the eighth nef\'e is 
involved by a small nunor. Such a diagnosis would be based on uni- 
lateral tinnitus, deafness, and vestibular symptoms such as vertigo. 
Tinnitus and vertigo, however, are common symptoms and apparently 
those which accompany the development of an acoustic tumor differ 
in no wise from other cases in which there is no tumor present. It is 
unlikely, therefore, that a diagnosis will often be made until trigeminal 
paresthesia, facial spasm, suboccipital discomfort, unsteadiness of gait, 
or other symptoms point to an expanding lesion. 

We have noted that acoustic tumors apparently arise within the 
internal aaiustic canal and certainly there Is nearly always an extension 
of the tumor into the canal which is widely dilated. It would seem 
to be easy to demonstrate this dilatation with the roentgen rays. Ptac- 
tically, however, this demonstration is very difficult and when made 
rarely aids in the diagnosis because by that time the other symptoms 
make the diagnosis obvious. There may also be an extensive erosion 
of the petious pyramid visible in the loentgenogram (470). rather 
characteristic of acoustic tumors. Finally another factor may be men- 
tioned which will aid in the diagnosis. It has long been known that 
although acoustic tumors usually are solitary, they may be bilateral and 
furthermore associated with a more widespread disturbance knotvn as 
g eneralized rteuro ^bromatasis (of von Jlccldinghauien) (466), In 
th^ OSes the pigmented areas and peripheral rumors will point the 
way to a correct interpretation of the intracranial condition. The 
intracranial situation is sometimes complicated also by the occurrence 
in these cases of mult iple menin geal tumors. Rarely an acoustic tumor 
seems to be hereditary (209). 

The only known TREat.ment for an aroustic tumor is to remove it 
by surgical operation. Obviously also the earlier the diagnosis is estab- 
lished, the smaller will be the tumor and the easier will be its removal. 
Although any case of unilateral tinnitus or increasing unilateral deaf- 
ness in an adult, with no history of suppuration in the middle ear, should 
be suspeaed of being caused by an acoustic tumor, especially if the pa- 
tient has signs of a generaliaed neurofibromatosis, it probably will be 
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long before either otologist or neurologist will be willing to advise 
operation in the absence of confirmatory evidence. But such a patient 
should be watched closely for the symptoms which habitually appear 
next in the presence of tumor, namely, paresthesias in the trigeminal 
area with absence of the corneal reflex, pain and stiffness in the neck 
on the same side, or more rarely spasm and twitching of the facial mus- 
cles. Even at this stage operation is rarely undertaken. 

By the time the diagnosis is established and the patient is willing 
to submit to operation, the tumor is already voluminous and involved 
in a tangle of ner\'es and bloodvessels as we have already described. 
Moreover, direa access to the tumor is barred by the middle and inner 
ears, the mastoid cells and the sigmoid sinus. Attempts to reach it by 
a direct approach have been uniformly unsuccessful and generally aban- 
doned for a more indirea approach through the subocdpital region 
below and behind the sigmoid sinus. The latter approach is cramped for 
room so that attempts completely to enucleate the tumor were long 
unsutxessful because the surrounding structures could not adequately be 
brought into view. If the patient did not die immediately from hemor- 
rhage he was le/c with a p aralysis of the sev enth, sometimes also the 
fif^ ninth, tenth, and eleventh nerves. Under these circumstances the 
establisHH moSeof operadoncame to be to split the capsule of the tumor 
and remove the inferior by means of a soft spoon (222). The fatty 
degeneration which the tumor undergoes made this procedure easier 
by softening its consistency and reducing the bleeding. If enough of 
the tumor was extirpated the capsule collapsed and removed the pres- 
sure on neighboring structures. The patient was thus relieved of his 
symptoms for a period of years with a minimum of injury to the nerves 
and a minimum risk of death from hemorrhage. By operating in that 
way, the mortality w’as not greater than l ^percent bm permanent cures 
were not effeaed. The intracapsular operation was unsatisfaaory in 
the long run and a new operative approach which permitted more com- 
plete removals with equal safety was sought. With minor variations, 
the tumor is now almost universally a ttacked throu gh a iinilafprat sub- 
occipital approach and conmiete extirpat ion is often accomplished (27S, 
364). ‘ 
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ACROMEGALIC SYNDROME HYPOPITUITARY SYNDROME 

In 1886 Pierre Marie described a new clinical syndrome and gave 
it the name of acromeg aly. When in the following year Minkowski sug- 
gested that the disease was caused by derangement of the hypophysis 
cerebri, attention was focused upon this obscure structure. It was found 
that acromegaly was almost always associated with a tumor of the 
hypophysis. But an apparently quite similar tumor occurs with no signs 
of acromegaly and clinicians were long puzzled to explain the difference 
in symptoms. The two contrasting conditions are well demonstrated by 
the patients which I will now present. 

The first patient (case iti ) , with a typical acromegalic syndrome 
as described by Marie, is a married woman of forty-eight years. Her 
menses were al ways scanty and painfu l but she considered herself well 
until se venteen years ago when she began t o suffer from headaches ba ck 
of her ey es, which were somewhat reheved by pressure in the temporal 
regions? Even before the headaches began someone remarked that her 
han ds were big but after this time they seemed to incre ^e rapidly“i n 
size?*also~her I5et. The features of her face coarsened. Soon her teeth 
were so widely spaced that food colleaed between them. Her tongue 
also b ecame thic k and she was apt to bi te it when chewing herfo ocT 
These changes came on gradually and have continued to progress. Sh e 
wa s married seventeen years ago and nine ye ars later had to have her 
wedding-ring saw^ off. Some three years after the onset of these 
symptoms of overgrowth she began to sweat profusefy. Now she cam- 
plains chiefly of this sweating which has a disa greeable odor and is so 
profuse^ that -she has m rhange her cl othes sev eral time s a day . As a 
result^e has almost coMtantly a cold in^cr hradT^hSTias never_^E? 
pregnant although she lived with her husband for twlve years; h^^died 
fi ve ye ars-Rgo. Her menses stopped abruptly following a p elvic opera - 
tion ^me ten.yea rs ago. For several years she has been always hung^. 
Lately she has been annoyed also by tingling and numbnSs m her fiai^ 
and arms, and she'does riot gge as well as formerly. The dates of onset 
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of her symptoms are very vague in her mind l>ecause they aJl developed 
very insidiously. Lately she has been tired constantly, but no longer 
suffers from headache. 

One is immediately impressed by the coarseness of her features (Fig. 
36). The nose is enlarged and bulbous, the lips thick, and the lower 
jaw projects forward. The supra-orbital ridges are very prominent and 
overhang the eyes. The tongue is enormous, the reeth are widely spaced, 



Fig. 36. Typical acromegalic paiiems. At the lefr, Case iii; at the right. Case iv. 


and the jaws are badly occluded. The skin of the face is wet with 
perspiration; it is coarse, with large pores and excessive hair. The hands 
and fingers are very broad. There is an increased amount of subcuta- 
neous tissue so that th e hands look swollen and the -fingers cannot be 
com pletely flexe d into the palms. The hair of the head is coarse and 
straigl^The Sioulders are stooped, the breasts fiabby and pendulous. 
The legs ar e sli^tiy bowM anffThe feet disproportionately large. IKe 
toes are very broad and the second me on eacHToot is raised comple tely 
abot^ its neighbors from having been confined into shoes too sm all. 

The visual acuity iS tiOrmal. I'he visual fields are normal although 
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the sella turdca is greatly enlarged in a globular manner (Fig. 37). 
The fronraTsimises ar e excessively large. The bones of the hands are 
broafand there are Kcosto^ from the te rminal pha langes ofj he fin- 
gers. A series of determinations of the basal metabolism gave an aver- 
age value of +3.8 percent. 

She has been treated with deep roentgen-radiation, a series of treat- 
ments being given a couple of months ago, direaed toward the sella, 
totalling 1260R. The cffea was to stop the sweating abruptly for some 
weeks, but now it has gradually returned. Another series of treatments 



Fig. 37. Scheme of roentgenogram from Case Ui showing symmetrical 
enlargemene of the sella turcica Compare Plate Il- 


ls in progress. Since her rumor has not yet reached a sufficient size to 
impair her vision it has not been necessary to perform an operation as 
we were obliged to do in the case of the second patient. 

This woman (case iv) of thirty years began three years before her 
admission to the hospital to have headaches in the frontal region. About 
the same time (she cannot remember in what order these symptoms ap- 
peared) her menses ceased, her hands and feet began to enlarge, she 
became tired and nervous and her eyesight failed. These symptoms 
persisted and in addition her featu res coarsened noticeably. Her teeth also 
separated and did not close normally. She perspired a great deal, was 
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very nervous and had dull aches in her back and lim bs. Until her present 
trouble she was well. She was married twice. By her hnt husband she 
had two normal children; he died when she was twenty-three years old. 
She married her second husband about a year later, and some four years 
before the onset of her present trouble, but was never again pregnant. 

When admitted to the hospital the alteration of her personal appear- 
ance was at once apparent (Fig. 36). Her nose and lips were coarse, her 
teeth widely spaced although the under jaw did not protrude beyond 
the upper. The supra-orbital ridges were very prominent. Her hair was 
coarse and the skin of her scalp thickened and wrinkled into coarse folds. 



38). Roentgenogram of the head showed the sella turcica to be greatly 
and symmetrically enlarged. The bones of the skull were very thick 
and the frontal sinuses enormous. The diagnosis was not doubtful. 
Acromegaly from pituitary adenoma was certain and, because of her 
already damaged vision, immedwte operation was advised. 
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A temporofrontal flap was made on the right side; because of the 
large frontal sinuses and thickened skull the usual frontal extradural ap- 
proach was impossible. The dura mater was opened and the frontal lobe 
lifted while the tip of the temporal lobe was pressed backward. Without 
any great difficulty the tumor was exposed bulging between the com- 
pressed optic nerves. Its capsule was opened and soft avascular tissue 
removed until the capsule collapsed and the pressure on the optic nerves 
was relieved. There was very little oozing of blood from the tumor and 
this was checked by a bit of muscle. The cortex of the brain appeared 
contused but no serious bleeding had occurred and the cortex was not 
ruptured. The wound was sutured carefully and the patient placed in 
bed apparently in excellent condition. But she did not recover well. She 
remained dull and drowsy. There was a paralysis of the left hand and 
wrist and of the left lower face. The left upper arm was unaffected, 
as was also the left leg. She slowly improved until on the fifth day she 
could move the fingers of the left hand but that evem'ng she began to 
have convulsive twitching of the left facial, masseter, faucial, and lin- 
gual muscles which continued for several hours. During this rime she 
was unconscious. Sodium luminal was given intravenously and also a 
solution of 50 percent glucose. The attacks ceased but she remained 
drowsy and sluggish for several days. The weakness of the left band did 
not improve and on the tenth day the attacks recurred. She is now (t^'o 
weeks later) much better and has had no more convulsions. But she is 
taking 200 mgm. of luminal daily. She is still very drowsy. Her basal 
metabolism is +9. The visual acuity is the same as on admission but the 
visual fields have improved slightly and her left hand has recovered its 
strength. There is still a lower left facial weakness. 

These epileptic seizures were clearly cortical in origin and resulted 
either from contusion of the lower end of the precentral gyrus, due to 
the retraction of the brain, or else to occlusion of the middle cerebral 
veins which dram this region. Paralyses and epileptic attacks are Sre- 
quent sequels of operations on the hypophysis by this lateral intra- 
dural route and I never use it when it is possible to approach the tumor 
extradurally under the frontal lobe. 

The next patient (case v) was operated upon in this way several 
days later. Her raernal appearance is much different. She is thirty-three 
years of age and dates her illness to seven years ago when she noticed 
that her menses, al^nugh regular, were becoming more and more scanty 
and finally disappearfed completely. She was married at the age of 
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eighteen but was never pregnant. Her husband died two years after 
their marriage. Until her present illness she was always well. About 
the same time that her menses ceased she began to suffer from severe 
frontal headaches. For the headaches she was given roentgen treatments 
and was advised to have an operation on her pituitary gland. She refused 
the operation and took no further treatments. For six years her condi- 
tion changed but little; then gradually her vision began to fail. It was 
found that she had a bitemporal bemianopia. The visual acuity was 



Fig. 39. At the left, Case v; hypopituitary syndiome with wrinkled skin. At the 
right. Case vi; transitional syndronse with prognathism but no other signs of 
acromegaly. 


0.8+1 with the right eye and 0.3+1 with the left eye. She was still 
loath to undergo an operation, so more roentgen treatments were given. 
They were followed by severe headache, nausea, and vomiting which 
gradually improved until a second series of radiations were given four 
months later. Following the last treatments she suffered continuously 
from headache and nausea. She was very weak and sleepy and always 
felt cold. 

When admitted to the hospital she was very feeble and remained 
in bed most of the time. Her face was finely wrinkled (Fig. 39) and the 
skin generally very delicate, dry and hairless. She weighed 49.6 kg. and 
was I6l cm. in height. She had never been fat. Her basal metabolic 
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rate was — 26 . Her bloodpressure was 80/60 and her temperature dis- 
dnaly subnormal ranging between 36.0“ and 37.2“. Her teeth were 
even and closed in normal occlusion. Her hands were delicate with long 
tapered fingers. There were no alterations of the nervous system apart 
from the eyes. The vision in the right eye was 0.8 — 2 and in the left eye 
0.4 — 1. 'There was a bitemporal hemianopia {Fig. 40) and bilateral 
primary optic atrophy. Roentgenogram of the skull showed the sella 
turcica to be greatly enlarged. 

An osteoplastic operation was made. 'The right frontal lobe was re- 
tracted and the dura mater opened along the sphenoidal ridge. The 



FiC. 40 Visual fields from CASE v before operation Bitemporal hemianopia. 


tumor could be seen bulging between the optic nerves which were elon- 
gated and flattened. The capsule of the tumor was opened. Soft semi- 
liquid neoplastic tissue extruded itself through the opening. More tis- 
sue was removed by suction. There was no bleeding from the tumor. 
The wound was carefully closed. The patient recovered promptly. 'The 
foliowing day she said she felt as if a pressure had been removed from 
her eyes. By the fourth day she could see in the temporal region of the 
left visual field. Her vision has continued nj improve ( Fig. 4 1 ) and she 
is ready to be discharged, fifteen days after operation. 

Our understanding of the reasons for the differences in the clinical 
symptoms of these patients is the result of patient and persistent study 
of the hypophysis cerebri and of its diseases. 
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The DEVELOPMENT OF THE HYPOPHYSIS is known in detail (11). 
It arises from two primordia, one from the stomodexim and the other 
from the under parr of t he dienee_D haloo. By the union of the two the 
hypophysis is made ( Fig. 42 ) . The former arises by a n out-pocketm g of 
th e buccal mucosa just anterior to the oral plate t o foi^ whaLis known 
as Rathke’s pouch. It extends upward and backward to make contact with 
the diencephalic portion, partially wrapping itself around and extend- 
ing up onto the base of the brain. Its cavity, lined with ciliated epithe- 
lium, is gradually obliterated although remnants of it may remain in 
the adult in the form of small cysts. The posterior wall of the pouch 



Fig. 41. Visual fields from Case v ten days after operation. Vision recovered 
in temporal fields. 


in contact with the dien cephalic evagin ation is ca lled the interme diate 
part of the hypophysis, while the anterior wall becomes much thickened 
to form the distal part. The portion which su rrounds the base pf the b rain 
is known as thiThibefal pan. These various parts are readily recognized 
in the hypophysis^ot low"er mammals such as the cat (Fig. 42), and in 
the human embryo, but in the human adult the intermediate and cuberal 
parts practically disappear. The diencephalic evagination extends down- 
ward and backward in contaa with the buccal portion and is almost sur- 
rounded by the latter. Its cavity persists in some lower mammals but is 
completely occluded in the human adult. It is known as the neural part 
of the hypophysis. The buccal evagination loses its connection with the 
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stomodeum by the growth of the sphenoidal bone, but remnants of its 
neck may be found even in the adult in the posterior wall of the naso- 
pharynx and along the craniopharyngeal canal within the sphenoidal 
bone. The diencephalic evagination remains always in conneaion with 
the brain by means of a long narrow stalk. 

The STRUCTURE OF THE HYPOPHYSIS CEREBRI varies Only in minor 
details in different mammals ( 20 ). The gland of an adult man is a 



Fig. 42. A — F; development of the hypophysis. Neural part stippled, distal pan 
indicated by circles, epithelial rest heavy black, bone unsbadecf G — hypophysis 
of cat. Distal part heavily stippled, neural part lightly stippled, intermediate 
and tuberal parts indicated by circles. 

small rounded structure, measuring about 6x lOx 13 mm. in diameter, 
securely buried in the sella turdca of the sphenoidal bone and <»vered 
by a portion of the dura mater known as the diaphragm of the sella. This 
cover is pierced by a narrow stalk which connects the hypophysis with 
the infundibulum of the diencephalon. The human hypophysis consists 
essentially of two parts, the anterior lobe and the posterior lobe, which 
are not readily separated as they are in lower mammals. The anterior 
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Jobe corresponds chiefly to the distal part of the bua:al evagination, 
with a few cells of the intermediate part surrotinding small cysts near 
the neural portion. There are also a few cells of the tuberous part which 
persist along the stalk. The po ^rior lobe is mainly the neural portion 
with a few cells of the intermed?«e part which have invad ed it. 

The ceflTorthe^nterior lobe at first small, with scanty, lightly 
staining cytoplasm. But about the third month of fetal life in some of 
the cells granules appear which stain much more heavily. These cells 
are called chr omoph ile for this reason and the remaining ones are now 
distinguished as chromophobe. The chromophile cells are further sub- 
divided in accordance~wth their reactions to stains into two classes: 
eosinophile (acidophile, a<elis) and basophile (cyanophile, ;S-celIs). 
The two types of granules rarely occur in the same ceil. The proportions 
of the different types of cells are roughly as follows: eosinophiles 37 u 
percent, basopbiles 1 1 "percent, and chromophobe' 52 percent. All of 
these cells are arranged in tortuous cords which are separated by vascu- 
lar sinuses and their accompanying connective tissue. The anterior lobe, 
therefore, has a glandular structure and, since the re is no dug, it is sup- 
pose d to seaete into the vascular sin uses. 

The posterior Jobe, apart from the cells which invade it from the 
intermediate part, is composed mainly of modified neuroglial cells, the 
pituicytes (.84). They contain gfariui « oTpi^ eht whicn stain with 
neutral red. There is in addition a variable amount of conneaive tissue 
and jTpIexus of unmyelinated nervous fibers which descend the stalk 
from the diencephalon and end in tangl es of terminals a mong the 
pituicytes. Some ol the^m end in bulbous formations which become 
hyalinized so that the^are dearly visible with ordinarjT stains and have 
been interpreted as collections ot a secretory matenai. ’fhe blood-supply 
of t he postehor lobe is sca nty. ‘ ' ‘ 

Our knowledge of the FUNCTIONS OF the hypophysis has inaeased 
greatly in the last few years and, although its secretion has not been 
identified in the blood coming from the hypophysis, there are valid rea- 
sons for believing that it is an organ of internal secretion. The nature of 
the evidence may be illustrated from experiments on rats. 

If the hypophysis be removed from a young rat, growth is retarded 
(Fig. 43) and the animal does not mature sexually. If the gland be re- 
moved from a rat after the time of sexual maturity there follovra a pro- 
gressive loss of weight, an atrophy of the genital system, and in the 
female an immediate cessation of the sexual cycles, an atrophy of the 
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thyroid gland, parathyroid glands, and suprarenal cortex, and a general 
physical impairment accompanied by a lowering of the basal metabolism 
by about 35 percent Most of these symptoms had previously been 

found to follow hypophysectomy in the dog {116). If now fresh hypo- 
physial tissue be transplanted daily intramuscularly into a hypophy- 
sectomiaed rat the dwarf grows at a normal rate and matures sexually, 
while the adult recovers his normal health, oestrus returns in the female, 
the sexual organs regain their normal site, and the thyroid gland and 



physial extnet 

suprarenal cortex regain their normal structure {A41). It has further 
been shown that the continued intraperitoneal injeaion of an extract of 
the bovine hypophysis into rats causes them greatly to exceed their 
litter-mates in size producing thus veritable giants (786) . When similar 
continuous injeaions are made into dogs there result symptoms resem- 
bling those of our first patient, namely, enlargement of the acral parts, 
polyphagia, asthenia, sialorrhea, and spontaneous lactation (390). 
When such an animal is examined after death there is found also skele- 
tal overgrowth, hyperostoses, and a generalized splanchnomegaly affect- 
ing most strikingly the thyroid gland and genital traa. There are also 
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adenomas in the suprarenal glands, the thyroid gland is hyperplastic, 
and the ovaries conain ripe but unniptured follicles. These pathological 
alterauons resemble closely those of the acromegalic syndrome in man. 

The inference is clear that the symptoms resulting from removal of 
the hypophysis are due to removal of some substance (or substances) in 
the hypophysis. Since the removal of the posterior lobe alone causes 
none of the symptoms the causative substances must be within the an- 
terior lobe. Extracts of the bovine hypophysis will repair the growth- 
defea of hypophysectomiaed rats but will not repair the damage done 
to the glands of internal secretion. This latter fact seems to point to the 
presence of two hormones, at least, one promoting growth (called 
phyone) and another (hebin) acting on the gonads. Extracts having a 
definite action on the genital organs have been prepared from the hypo- 
physis of the sheep ( 491 ). The presence of a separate substance (or sub- 
stances) acting on the gonads is indicated by other experimental evi- 
dence. For example, transplants of anterior hypophysis into immature 
arumals will cause precocious sexual maturity. The action of the trans- 
plants must be inditea by intermediation of the gonaxls because the cffea 
is not obtained in spayed or castrated animals. No such efiea is pro- 
duced by the growth-producing hormone; there must be another hor- 
mone which has been called hebin (178). Numerous other substances 
have been extracted by chemists from the anterior lobe of the hypo- 
physis; that they are hormones has not yet been proven. 

The foregoing anatomical and physiological data are necessary for 
the understanding of adenomas of the hypophysis. These tumors arise n 
always from the anterior Jobe; tumors of the posterior Jobe of the hypo- 3 
pbysis are unknown. 

Adenomas vary in size from a few millimeters to five or six centi- 
snesess in riiamerer, Tbe^ arise most mmmnnJ/ near xbe stal k. Jn this 
region chro mophobe cells predominate and this probably accou nts, tn 
f«rt, for the faa that the c ells of hypophysial adenomas are predom in- 
antly chiomopnobe Adenomas composed of basophihc cells 

occur only m m icroscopical lesions. The occasional reporting of a baso- 
philic adenoma of large size is an error due to the fact that the chromo- 
phobe cells stain more heavily with hematoxylin than with eosin. The 
so-called pituitary "basophilism" is a polyglandular syndro me, whose 
exaa etiology is uncettain^97). There remain, therefore, only chrom- 
ophobe and eosinophilic ade nomas whidi are known certainly to cause 
clinical symptoms. Grossly there is no difference in the appearance of a 
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chromophobe and an eosinophiHc adenoma. However, as a general rule, 
the gosinophilic tumors are sraalfer in size and appear to mnrr 


Fig. 44. Median seaion of brain with hypophysial adenoma in place. Note the 
relationship of the optic nerve and chiasm to the tumor. 

of the sella turcica and the sella itself are more resistant but both finally 
yield. The sella turcica is enlarged in a typiral manner, like the en- 
largement of a distended balloon (cf. Fig. 37 ) • Usually the dural co vet- 
ing yi elds before the floor of the sel la turcica is completely p«forat ed 
so that the under surface of the tumor, although it projects downward 
into the sphenoidal sinus, is covered by a thin shell of bone. Bur it may 
penetrate the bone and fill the sphenoidal sinuses, even appearing in the 
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nasopharynx. The c overing of the sella turcica usually yields anterior to 
the optic dii^m which is pushed upward and backward by the expand- 


ing lesion, the optic nerves anterior to the chiasm b eing elongated and 
flaftSied. 

The growth may project posterior t o the chias m or latemlly, indent- 
ing t he u ncus. In some instances the tumor may insinuateTSelf befw^n 
the dura mater and the base of the skull, spreading widel y in the tem- 
poral fossae. Or, instead of remaining more or less globular in form after 
penetrating the covering of the sella, it may spread irregularly, sur- 


I 








Fig. 45. Drawings of microscopical preparations of hypophysial adenomas. At 
the left, a chromophile adenoma of acromegaly; at the right, a chromophobe 
adenoma. 


rou nding the internal carotid art eries, projecting into the cavum M eckJii 
or through the incisura tento rii into the cerebella r fossa.' Usually, how- 
ever, the adenoma remains m^re or less globular, deeply indenting the 
diencephalon ante rior to the optic chiasm. 

Histologically two distinct types of adenoma may be distin- 
guished, with many transitional forms. The most common type is com- 
posed of chromophobe cells (Fig. 45). The cells are polygonal or 
slightly elongated and tend to be arranged roughly into large groups by 
a more or less developed stroma proliferated from the numerous thin- 
walled vascular sinuses. When the stroma is Jess abundant the cells may 
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seem to radiate around the vessels. The cytoplasm of the cells is delicate 
and stains lightly with eosin. N umerous small granular mitochondria ar e 
present but no other granules. The nuclei are oval withabundant chro- 
matin; many pyknotic types are seen, but rarely mitoses. In th e eosin o- 
p hilic adenoma (49) the cells lie in a loo s e mass without stro ma (Fig. 
45), and with few vascular sinus^r The cells tend to be rounded and 
vary greatly in size. The nuclei also vary in size and many multinucleated 
cells are present. The nuclei also often lie eccentrically in the cytoplasm, 
which may undergo a hyaline transformation in the central part. Because 
of the poor blood-supply these rumors arc often necrotic But most im- 
portant is the fact that with proper staining there may be demonstrated, 
usually in the periphery of the cytoplasm but often throughout the cell, 
innumerable hne granules which stain like the eosinophilic granulation 
of the normal hypophysis. The granules are, however, smaller in size 
often making a sort of fine dust in the cell. Between these two extremes 
of structure all sorts of transitions may be identified (47). 

If now the clinical symptoms fcje correlated with the histological struc- 
ture of the adenoma it is found that the presence of eosinophilic granuU^ 
lion is always associated with signt of acromegaly and that the intensity 
of the acromegalic syndrome varies with the intensity of the eos iNOph ilia.J 
other things being equal. 

Acromegaly is a r ather ra re, non-hereditary but sometimes fami lial, 
clinical condition which begins any time between the ages of fifteen and 
fifty years. The most common age of onset is the decade b etween twenty 
andtH,irty (iiO). 

The most frequent symptom, and usually the first to be remarked by 
the patient, is an increase i n size of the acral par ts — ^hands, feet orjaws. 
The palm becomes broadened and the fingers likewise, making the 
whole hand appear squa re and shor tened. At the same time the soft tis- 
sues become thickened so tharthe hand an d fingers fee l stiff and swollen. 
The pa tient's atten tion may be at tracteci to the change by difficulty in 
putting on hi s ring or b y the ne cessity for a larger s ize of glove. The 
same transtormatlon affects the teer so that he must wear an ever increas- 
ing size of shoes. Simultaneously he (or his friends) notes that the 
appearance of the face is changing; the features become coarse, the lower 
jaw prominent and"3ie teeth close badly. Although these changes are 
most evident in the acral parts the entire body is involved in the over- 
growth. There is a stoop toj he shoulders, the skin is thickened and 
coarsely wrinkled, especially over the scalp. There may be a general 
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overgrowth of hair. All of these alterations may progress steadily imtil 
a veritable caricature results, well known in the comic theater for cen- 
turies. If the disease begins so early that the epiphyses are not yet closed” 
the piSeiit may grow also in height to become in some cases really 
gigantic. ^ 

Other early symptoms are headache, and in women disturbance or 
cessation of the menses. In fact the"^teration tn external appearance is 
often so insidious that the patient’s attention is first called to it by the 
physician whom she consults for other symptoms. The headache is a dull 
aching pain in the temporal region. Although sometimes the menses 
may rontinue in spite of the advancing disease, in almost all cases they 
become irregular and finally cease; pregnancy then becomes impossible. 

Somewhat later other symptoms appear. The patient has a feeling 
of fatigue, loses interest in his work, becomes depressed and may be- 
come ^yspneic on Sertion. The male loses his libido sexualis and may 
even b^me Impotent. Excessive sweating occurs^ ancTthe perspiration 
has a disagrec abfe~odor . The patient is a lway hungry and eats voraciou s- 
ly. He may also have a pol>'uria and increased thirst; if examined at this 
stage he is often found to have a glycosuria and his basal metabolism is 
elevated. The patient complains also of paresthesias, and even of pains \ 
of neuralgic character, throughout the body. 

After many years the headac hes may sudde nly cease and abou t the 
same time a new train of symptoms appear^, head^by disturbances of 
vision. The cessation ol the headache is supposed to coindde ^ith tlie 
rupnire of the diapHra^a sellae by tfte expamuJg tumor. This usually 
occurs aiicsriSr to th^ optic chiasm and bet^’een^be optic nerves. The 
resulting defect in vision will be obvious from a study of Figure 21. 
The tumor presses nrst on the l6wer crossed fibers of the Chiasm, arrest- 
ing their function and ultimately causing them to atrophy, thus produc- 
ing a bitemporal hemianopia which begins in the upper quadrants of the 
visual fields {l44). When the visual defect has progressed toward a 
complete bitemporal hemianopia the patient becomes conscious of his 
defect. He has then difficulty in reading and a tendency to bump objects 
or people approaching him from the side. The macula is finally en- 
croached upon and the visual acuity diminishes. In a few instances the 
tumor may project lateral to the chiasm; a homonymous hemianopia 
then results. Rarer symptoms of pressure on nervous structures may be 
present. The patient may have epile ptic attacks preceded by a disagree- 
able odor or taste; these are evidences of involvement of the uncus. He 
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'^y beconie.aI gepY and letharg ic from in volvement of the hypothalam us. 

Enlargement of the seJia turdci b found in q>w_90^percent of acro- 
megalic patients but in neatly a third of them the tumor never reaches 
sufficient size to cause visual disturbances and the other late symptoms 
we have just described- In faa a few well-authenticated records eidst in . 
which there was no tumor of the hypophysis, but rather a hypertrophy) 
of its anterior lobe, or general cosinophilia of its cells. ^ 

Many acromegalics attain great stature, and it has long been known 
that giants have many evidences of the alterations which we have just de- 
saibed as aaomegalic. Sufficient evidence exists to prove that acromegaly 
and gigantism ate closely allied, and all transitions between the two con- 
ditions may be found. If the disease sets in before the epiphysial lines 
are closed, a giant results, but if the disease begins after their closure, 
an acromegalic syndrome results. Sooner or later in the course of most 
acromegalics another phase appears. Ihe sweating c eases: the skin los es 
its nnd jhf^hnir falk ^nr; the thic kness^d puffaness of the 

subcutaneo us tissues d iminish; the polyphagia, po ljdips ta, and glyo> 
suria cease; the^tieot becomes mo re a^enic than e ver. If his Iwsal 
metab^m is determined it is found to be markedly subnormal. This 
same transformation has been found to occur when a lar^ part of the 
tumor has been removed at operation or following mteoslve roentgen* 
radiation. But the bony changes persist unaltered. The significance of 
this final phase we w ill diy usf presently (p.'lOS). 

Ic sometimes happenVthae a patient with a pituitary adenoma will 
have very slight signs of acromegaly — a little thickening of the features, 
a slight prognathism, ot a norma! or slightly elevated metabolism. Such 
cases are known as fugitive acromegaly (47). Only a few eosinophilic | 
cells are found in these tumors, liic next patient is an excellent example * 
of this condition. 

He is a man (case Vl) of forty-three years, who dates his illness from 
ten years ago but, previous to that, in the army, he had begun to have 
difficulty in sighting his gun. At any tare, about ten years ago he began 
to have headaches in the frontal region. These grew worse and for 
the last five years have been very severe. He had his glasses changed 
very often during this time without much relief. For the last four years 
he has been unable to focus his binocular and has noted that he had 
trouble reading the left-hand side of a page. His vision finally became 
so bad that he was unable to do his work as a bookkeeper and came 
to the hospital for relief. He had previously been well except for a 
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nephritis with hypertension some years previously. He was unmarried 
but insisted that there had been no diminution of either libido or potency. 

When admitted to the hospital his appearance was not suggestive. . 
He was tall and well formed, 181 cm. in height, and weighed 74.8 kg. 
His features were regular and his skin normal. His hands were long and 
well shaped. But his chin was prominent (Fig. 39), and when his teeth 
were inspeaed it was seen that the lower ones closed anterior to the 
upper ones. He does not remember any period of malocclusion but 
thinks his teeth have always been so. Skin and distribution of hair were 
normal. His genitalia were of normal siae. Aside from a slight prognath- 



Fig. 46 . Visual fields from Case vi. Note the upper quadrantic defea 
ia the left temporal field. 


ism very little abnormal could be found in his external appearance. His 
blood-pressure was 120/80 and his temperature normal. His basal 
metabolism was — • 19- His vision was very poor in the right eye 
(0.3+1) but practically normal in the left (1.5). There was a primary 
atrophy of the right optic nerve; the left appeared quite normal. There 
was a temporal hemianopia of the right eye, and an upper outer quad- 
rantic defea in the left visual field (Fig. 46). Roentgenogram of the 
skull showed the sella turcica to be greatly and symmetrically enlarged. 
The diagnosis was made of adenoma of the hypophysis with some slight 
signs of aaomegaly. Immediate operation was advised. 

A transfrontal osteoplastic operation was made. The right frontal 
lobe was elevated and the dura mater opened along the sphenoidal ridge. 
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The tumor was seen bulging between the greatly flattened and elongated 
optic nerves. Its capsule was opened and rather firm neoplastic tissue was 
removed with a dull curette until the compression of the optic nerves 
was relieved. There was oozing of blood from the cavity which was 
checked by packing with cotton and finally by insertion of a bit of mus- 
cle. The patient recovered promptly. His vision improved and he was 
discharged twelve days after operation. It is now five weeks later and he 
has returned to work. Visual acuity of the right eye has increased to 
0.8 and the lower part of the temporal field has filled out. The acuity of 
the left eye is 1.5+1, the visual field is of normal contour, but with a 
large relative paracentral scotoma. 

xx- When the body of a pronounced acromegalic patient is examined 
post-monem there is found everywhere a most amazing overgrowth of 
''tissues {142). It is most evident in the bones and conneaive tissues, but 
the splanchnomegaly is also striking. The alterations of the bones have 
been most carefully described (293). The change in the lower jaw is 
one of the most obvious. The width between the lo wer molars is in- 
crewed; the cani nes are adv anced, the po rous vasduIa:rbonc h heape d 
up on_the alveolar mar oins. The whole lower ja w ts pushed downwar d 
and rofward by growth at the temporomandibular jo int. The region of 
the angle is absorbed and increased growth also occurs at the mental 
eminence, so that the total effea is t o open out the angle between the 
body’ ^d ramu s. The lower jaw finally projects mark^ly jjeybnd th^up^ 
per one.X)dief changes occur in th e skull. The whole outer wall of the 
orbit is moved forward and the zygoma downward. The insertion of the 
temporal muscle is much more extensive than normal. There is an im- 
mense growth and thickening of the s upraorbital regio n and between 
the insertions of tfiet empor al muscles. The occipit al muscles acqmre a 
greater area of insertion and th e external occi pital protuberance is e n- 
larged.‘'§lmilar changes take place elsewhere in the skeleton; wher^er 
muscles and ligaments pull upon the bones, growth takes place. Veri- 
table exostoses may be produced at these points. Atrophy also takes 
place in the cancellous bone, the resulting weakness causing kyphosis 
and flat feet. Exostoses occur also at the ends of the terminal phalanges 
of the hands and feet. 

The conneaive tissue of the body is inaeased in amount, especially 
around the nerves. This, together with the exostoses, explains the neu- 
ralgic ^ ins fro m which th ese patients suffer . The increase in the con- 
neaive tissue of the skin is dennite but there seems also to be an admix- 
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tuie of edema which in part causes its turgidity a nd stiffne ss. The 
splanchnomegaly is general. The lungs ar^bout twice normal weight; 
the heart may reach a w’eight of 1275 grams and death trom cardiac 
failure is common; the liver averages nearly twice norma l w^ht; the 
kidneys are uniformly hypertrophied; the spleen varies greatly, but is 
usually enlarged also. Whether the splanchnomegaly is caused by an 
increased number of cells in these organs, an increase in the size of the 
individual cells, by increased blood-supply, or otherwise has not been 
finally decided. The alterations in the endocrine glands are more varied. 
We have already noted the rare hypertrophy and more common eosino- 
philic adenomatous transformation”of the hypophysis. The thyroid 
gland is usually enlarged, adenomatous, of colloid type, without his- 
tological evidence of toxicity in spite of the increased metabolic rate 
which some have interpreted as evidence of increased aaivity of the 
thyroid gland. The alterations of the parathyroid glands have not been 
carefully desaibed; they are occasionally at least enlarged and in one 
case an adenoma was found. The thymus often p^sists and may reach 
a weight of as much as 78 grams. Hype rtrop hy of the adrenal glands is 
common; adenomas ate found in the cortex. The pa ncreas also is 
greatly enlarged, TKe islands being often particularly hypertrophic. The 
changes TiTthe testes and overies have not been clearly established. What 
can be the explanation of these amazing alterations? The answer lies 
in what we have already learned concerning the funaion and patholog- 
ical alterations of the anterior lobe of the hypophysis. In acromegaly 
there is almost always present an adenoma consisting of cells containing 
the eosinophilic granulation of the normal anterior lobe. The only 
exceptions are the few cases of hypertrophy of the hypophysis in which 
there is a great increase in the number of eosinophilic cells. We have al- 
ready seen that gigantism may be produced in rats by injeaing intraperi- 
toneally into them extracts of the anterior lobe over a long period of 
time; in this animal the epiphyses never close. In a similar manner, symp- 
toms of acromegaly have been produced in a dog. In this animal the 
epiphyses do close. The inference is unescapable that these syndromes 
in man are due to a hyperjunction of the eosinophilic cells of the anterior 
lobe of the hypophysis; whether gigantism or acromegaly develops de- 
pends upon the age of onset of the disease. The cells of the eosinophlic 
adenoma must continue to function in a manner approaching normal. 

The third patient whom I showed you has just as surely a hypopitui- 
TARY SYNDROME due to suppression of at least some of the function of 
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the anterior lobe of the hypophysis. The symptoms of hypophysial de- 
ficienq' also vary with the age of the patient. The hypophysis is rarely 
destroyed in children by an adenoma, but the symptoms resulting from 
its destruction are well known from the results of other lesions. Wfe may 
use, as an illustration of what should result from a destructive lesion 
confined to the anterior lobe of the hypophysis in childhood, the exami* 
nation of a male dwarf aged twenty-one, who died of meningitis follow- 
ing outis media ( 440 ). He was well proportioned and moderately nour- 
ished, but only 111 cm. in height. In very early childhood he had some 
illness after which he did not grow. The beard, and axillary and pubic 
hair were absent. The external genitalia were those of a baby. The testes 
weighed 0.9 and 1.2 gms. respectively; miaoscopically their structure 
was similar to that of a baby's testes. 'The thymus weighed 2.5 gms.; the 
adrenal glands 2 gms.; the thyroid gland 2 gms. Histologically the thy- 
roid gland, adrenal glands, pancreas, liver, and spleen were normal Ihe 
hypophysis weighed 0.2 gras. The posterior lobe was normal, but in 
place of the anterior lobe were found several small cysts and only traces 
of abnormal glandular tissue. In the clinic, children always present 
a mixture of the hypopituitary with the hypothalamic syndrome. The 
differentiation of the latter will be discuss^ later (p. 126). 

We will confine our attention now to the hypopituitary condidon as 
it appears in the adult (772). In a typical case the general symptoms 
which the padent notices are l^itude, lack of energy, sensitiveness to 
cold, impotence in the male or cessation of the menses jn the female, 
dryne«_flf the~skin, and loss o^air. When such a male padent is ex- 
amined one is immediately struck by the alteradon in his general ap- 
pearance. The skin is smooth, delicate, and of a pasty color. The bodily 
hair is much reduced and may be confined to the pubic region where it 
has a feminine distribudon. Axillary hair is absent or scanty and the 
bea^is very slight. The body is usually said to be feminine in contour; 
it is much more exact to say that its contour is infantile. Both in the male 
and female there is a tendency toward the indifferent infantile type. The 
skin is, moreover, covered with delicate wrinkles especially evident in 
elderly patients over the face and neck (Fig. 39) - 

In more severe cases there is progressive emaciation ( 441 ) (SiS' 
mond’s disease), the characteristic fi mtings being ^ senile appearan ce, 
the ross ^f t eeth, the disapp^anCf" at the mens tt, the i oss of axill ary 
and pubic hair, and a chroni c otherwise inexplicable emada don. At 
necropsy one notes the wrinkling of the skin of the face, thejplanchoo- 
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miaia affecting liver, spleen, adrenal glands, genitalia, ovaries, heart, 
and kidneys. Such severe symptoms rarely, if ever, accompany hypo- 
physial adenomas. In the early stages also, when the hypothalamus is 
compressed before severe destrucuoa of the hypoph)rsis has occurred, 
adiposity is present in variable degree, more frequently in young adults. 
In The female the absence of hair is not so evident, but the infantile or 
adolescent bodily configuration is common, and cessation of the menses 
is an early and a)nstant finding. Exammation in the laboratory discloses 
a marked lowering of the basal metabolism, the readings often being as 
low as — 30 (141). The difiiculty in oxidizing glucose, so often re- 
marked, is probably one phase of a general lowering of metabolism. 

These symptoms of hypofunaion of the hypophysis (anterior lobe) 
we recognize as those which we have already remarked in the terminal 
stages of an acromegaly, when the eosinophilic adenoma is extensively 
destroyed by degeneration or hemorrhage. 

Aside from the symptoms due to alteration of the function of the 
hypophysis, which we have just described, an expanding adenoma causes 
other symptoms by pressure on adjacent nervous structures — neighbor’ 
hood symptoms (130). We have already described the headache which 
is supposed to be caused by distension of the dura mater over the sella 
turcica. The headache is usually bi temp oral but may radiate to the fro ntal 
region or behind the eyes. The set taWdca is eroded by the ex^mling 
growth in z symmetrical manner, like a distended balloon, from its 
normal dimensions (10-12 mm. ameroposteriorly by 14-15 mm. in 
width and 8mm. in depth) to as much as 2.5 cm. in every diameter. As 
soon as the diaphragma sellae yields, the ocpanding ttimor presses upon 
the optic chiasm, usually projeaing upward between the optic nerves an- 
terior to the chiasm. The inner inferior part of each optic nerve is thus 
first pressed upon. The result, as I have already noted, is a defea in the 
upper outer quadrant of each visual field. As the pressure continues 
there follows a complete bitemporal hemianopia, then the lower outer 
quadrant of each visual field is involved, and finally complete blindness 
ensues. The progression in the nasal half is not so regular and the final 
island of vision may be in the lower quadrant of the nasal field. When 
the pressure on the chiasm is relieved, the process is to a certain extent 
reversed, but the macula recovers much more slowly and incompletely 
so that a central scotoma may remain indefinitely. The fundus oculi pre- 
sents the typical picture of a primary optic atrophy. The optic disc is 
white and clearly outlined; the lamina cribrosa clearly evident. Only in 
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rare cxises does the intracranial tension rise sufficiently to cause a choked 
disc. 

As the tumor continues upward it presses upon the diencephalon 
and adiposity results. Later somnolence is a prominent symptom, but 
this is doubtless partly due to the lowered metabolism. It is strange t hat 
a polyuria rarely occurs— one of the most common symptoms of in- 
jury to the hypothalamus. When the tumor projects laterally to the 
chiasm there may result a homonymous hemianopia and, from pressure 
on the adjacent uncus, so-called uncinate seizures with gustatory or ol- 
factory aura. Late in the course of the disease anosmia from involvement 
of the olfactory traa, pain in the trigeminal area, mental disturbance, 
hydrocephalus, and increased intracranial tension may complicate the 
clinical picture. 

A DIFFCRBNTIAL DIAGNOSIS of hypophysial adenoma must be made 
from all other conditions giving evidence of altered hvtxjphysial func- 
tion. We have already pointed out that, with the exception of a rare 
case wherein there is a tremendous increase in the number of eosino- 
philic cells in the anterior lobe without much increase in its size, aao- 
megaly is always associated with an adenoma. The presence of an ade- 
noma in an acromegalic patient may be verified then by roentgenogram 
of the sella turcica. 

Evidences of loss of hypophysial funaion are caused by numerous 
lesions aside from adenoma. Absence of enlargement of the sella turcia 
will almost rule out an adenoma; very rarely an adenoma wil l leave _t he 
'sella turcica before enlarging it and in these cases the diagnosis is not 
possibiel^ ^blish with cer tainty, in the absence of acromeg^. In 
case thelclla IS eroded the adenoma must be differentiated from other 
tumors in the neighborhood, notably from the g Upma of the op tic chia sm 
and the crat ^pharyng ioma. Both of these tumors occur prmapally in 
children, whereas the^enoma is distmal j a tumor of ad ults (Fig. 47), 
usually young adults, and almost never occurs under the age of fifteen. 
In n either of the other tum ors is th e progress of the defea in the visua l 
fiel ds so re gular. T he deio rmation ^f the sella turcica is differeo t also 
in t fe thf ^tumors. The ade nomaTwUo^ the s ella; the craniopharyn- 
gioma^etodes it irregularly; with the glioma of the chiasm Biere is an 
exc avatio n un der the anterior clihoidal proces ses. 'I'he glioma of the 
opti^ nerv es causes enlargeme nt of the op tic foramina, visible in the 
roentgenogram. The craniopharyngio ma is~often c alefied, the others 
very rarely. The glioma and craniopharyngioma are "often accompanied 
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by polyuria, the adenoma rarely, if ever. When the sella turcica is jiot 
cnlar ^d or eroded,^e ade noma must be differentiated from othe r 
tumors causing bitemporal defects in the visual fields. Chief among these 


ate the meningio ma of the tub erculum sell ae and the cr aniopharyngiom a 
(123). It is ^rhaps impossible always to differentiate them, especially 
when the craniopharyngioma is in an adult and not calcified. 
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Fig. 47. Graph illustrating the different in a^-distributton of hypophysial 
adenomas and tumors of the hypophysial duct. 

Since there is at present no effective form of glandular therapy avail- 
able for the cure of hypophysial deficiency in man, the treatment of 
hypophysial adenomas is reduced pracncally to relief of the neighbor- 
hood symptoms, notably failure of vision. The effect of treatment can be 
most adequately controlled by ocaminauon of the visual fields. The 
growth of an adenoma can sometimes be retarded and even a regres- 
sion in size obtained by persistent roentgen-radiation (471). This ob- 
servation has been often repeated and certainly, if there is no immediate 
danger to vision, roentgen-radiation should be tried in every case. It 
should not be forgotten, however, that serious accidents may occur. 
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notably from edema or from hemorrhage into the tumor, immediately 
after too energetic radiation. In either case vision rapidly fails and 
prompt operation is necessary. 

At operation the main problem is to dedde how much of the tumor 
to remove. Complete removal is rarely possible and never advisable. 
It is impossible at operation to distinguish tumor from the small portion 
of normal gland remaining; if this remnant is removed a pituitary in- 
sufficiency may be greatly exaggerated and for this condition, as we have 
already noted, there is no efficient treatment. It has been repeatedly 
demonstrated that, after operation for acromegaly, certain acromegalic 
signs and symptoms recede ( 137 ). But <c should also be pointed out 
that too radical excision of the tumor may be followed by a pituitary 
insufficiency still more disastrous for the patient than his aaomegaly. 
Perhaps these risks may best be avoided by keeping constantly in mind 
that the sole indication for treatment, with the possible exception of 
die early active stage of aoomegaly, is to save vision. If this can be 
done with roentgen-radiation, well and good; if not, operation is neces- 
sary. But in both cases treatment is to be restricted to what is necessary 
to preserve vision in the fear of exaggerating the hypophysial defidency. 
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CRANIOPHARYNGIOMAS 

SYNDROME OF THE HYPOTHALAMUS 

We have learned how, following the description by Marie of the 
clinical entity which he called acromegaly, it was pointed out that this 
syndrome was associated with a tumor of the hypophysis cerebi. It 
was immediately concluded that the disease resulted from destruction of 
the gland. But clinicians were soon pu 22 ied by the reports of tumors 
in this region which caused no symptoms of acromegaly. Some early 
reports by Mott, by Babinski, and by Froehch concerned cystic epithelial 
tumors. Mott in 1899 suggested their origin from the hypophysial duct 
(350). An ejdiaustive study by Erdheim in 1904 established die es- 
sential charaaeriscia of these particular intracranial neoplasms. They 
have many synonyms — suprasellar cysts, tumors of Rathke's pouch, hy- 
pophysial duct tumors, adamantinomas, ameloblastomas, epitheliomas, 
etc. Many of these terms arc unwieldy; others are inexact. It is generally 
conceded that they are epitheliomas and that they arise from squamous 
epithelial rests of the craniopharyngeal duct. We shall, therefore, speak 
of them as epitheliomatous tumors of the hypophysial duct, or briefly as 
craniopharyngiomas. I have two young patients to. show you which 
will give you a notion of the sort of ciinical syndromes caused by the 
craniopharyngiomas. 

The first boy (case vii) is now sixteen years old. He began at 
the age of six to have attacks of pain over the left eye. They came at 
long intervals but were severe enough to keep him in bed. At the age 
of ten there was a serious bout of almost constant headache lasting 
nearly four weeks, during which time he vomited frequently. Since 
then the headache has been less frequent and less severe. At the age 
of eight his eyes were examined by an oculist and glasses prescribed, 
but it was not until two years later that he complained of difficulty of 
vision. He then noticed blurring and that he could not see to the left 
with the left eye. Enuresis continued to the age of nine. Since the age 
of ten at least he drank excessive amounts of water and had to get 
up at night to urinate. During all his life he had recurrent attacks 
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of vomiting accompanied by epigastric distress. He also had frequent 
fainting spells, the last one five years ago during which he lost con- 
sciousness for the first time, but later he improved so that he seemed 
a normal boy except that he was possibly slightly underdeveloped. 

When examined in another clinic four years ago there were no evi- 
dences of puberty. The genitalia were small but the testes were de- 
scended- His height was 145 cm. and weight 4l.O kg. His basal meta- 
bolism was — 34 . There was no definite polyuria; the intake of water 
averaged only 2000 ccm. daily. There was a primary optic atrophy in 
each eye. In the left visual field w'as a temporal hemianopia; in the 
temporal half of the right visual field was a large scotoma. The visual 
acuity was 20/100 in the left eye and 20/100 also in the right. A 
roentgenogram of the skull showed the pituitary fossa to be enlarged 
and just behind and above the anterior clinoid processes were a few 
small areas of calcification. 

At that time, four years ago, a right transfrontal operation was 
performed elsewhere, the scar of which is plainly visible to you. The 
right optic nerve was found to be flattened by a bulging tumor to the 
left of it The tumor was punctured and proved to be cystic. A bloody 
fluid containing numerous crystals of cholesterin was withdrawn; the 
optic chiasm was then seen to be anterior to the cyst. The cyst was 
a^erent to the surrounding structures; a few fragments of its wall 
were removed. Their microscopical structure was that of a typical 
craniopharyngioma. There was an immediate postoperative polyuria of 
eight to nine liters daily which was reduced by subcutaneous injections 
of pituitrin to 2500 ccm. There was no postoperative hyperthermia. 
Within a month the left vision was 20/70 and the visual field had en- 
larged in the upper temporal quadrant. He could barely count fingers 
with the right eye. He gained rapidly in weight and the polyuria con- 
tinued, fairly well controlled by a na^i spray of pituitrin. 

He is now, four years after operation, 157 cm. in height and weighs 
54.1 kg. His basal metabolism is — 27. His temperature varies daily 
from 36-4“ to 37.8“. His output of urine is 7700 ccm. daily when not 
a)ntrolled by pituitrin. His genitalia are still very small and his body 
hairless and infantile (Fig. 48). The turgor of the subcutaneoxis tis- 
sue, the fineness of the skin, and die childish contour of the body are 
all evidences of infantilism. There have been no signs of puberty — no 
erections and no nocturnal emissions. The visual acuity of the right 
eye is 0.1 and of the left eye 0.4 — 1, There is a large paracentral scotoma 
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in the temporal half of each visual field fFig. 49). 

T3ie other boy (case viii) is only seven years old. He has always 
been thin and undersized. Since the death of his mother he has liv^ 
in an orphanage. He began a year ago to complain of headache and 
vomited frequently. When examined at this time he was found to be 
very alert and very religious, talking a great deal and asking foolish 
questions. A lumbar puncture was made after which he was stuporous 



Fig. 49. Visual fidds from Case vji. 

for some time. The lower extremities were spastic. The optic discs 
were pale. The visual fields were not examined. The sella turcica was 
seen in the roentgenogram to be elongated and the dorsum was de- 
pressed. He improved after a while, stopped vomiting and appeared 
normal for five months. He then began to walk haltingly, feeling his 
way about Three months afterward he became incontinent, was listless 
and drowsy. Soon he became blind in the right eye, and began again to 
have severe headache and vomiting. At this time he was taken to a 
children’s hospital. 'There he was found to have bilateral exophthal- 
mos, to be blind in both eyes, and spastic in all his extremities. He 
was unable to walk without assistance. The head was retracted. The 
opdc discs were choked. JHie father was advised to bring him to this 
clinic and did so a monthVgo. 
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He arrived stuporous. Both pupils were dilated and reacted slug- 
gishly to light. The optic discs were elevated about three diopters with 
numerous hemorrhages. Both eyes were blind. There was a “cracked- 
pot” resonance when the head was percussed. All of the limbs were 
spastic but the left ones more so. There was a marked tremor of both 
hands. In the roentgenogram there could be seen a spotty calcifica- 
tion above a dilated and eroded sella nircica. The child had been blind 
so long that no hope was entertained of recovering his vision. His 



general condition was so very bad that operation offered little hope of 
recovery, so a lumbar-puncture needle was inserted between the dilamd 
sutures of the cranium and a cyst was punctured above the sella turcica 
from which seventeen can. of yellow fluid, containing numerous crystals 
of cholesterin, were withdrawn. The cyst was then filled with air and 
a roentgenogram was again made (Fig. 50) which shows well the situa- 
tion of the tumor. The child's condition improved immediately and 
he is now very alert mentally and plays about the ward normally. His 
daily output of urine is normal. His weight is 20.4 kg. His height is 
109 cm. His genitalia are fairly normal for his age and his general 





118 


INTRACRANIAL TUMORS 


habitus, although delicate, is not abnormal. The only abnormality which 
one notes is a strange senile appearanceof the facial expression. It might 
readily be overlooked in this boy but in some cases the strange mix- 
ture of infantilism and senility makes a queer impression (Fig. 48). 

In this latter patient we miss many of the symptoms of the first 
one, notably polyuria. The genital d)«trophy will doubtless become 
apparent at puberty if he lives to that age. Tdo not contemplate operat- 
ing on him now but will wait to improve his general coni'tion in the 
interval before the cyst refills and his symptoms of increased intracranial 
tension recur. I regret only that h is now impossible to save his eye- 
sight. 

The customary GROSS structure of the craniopharyngioma justi- 
fies the therapeutic procedure adopted for the second boy. Such a 
tumor is almost invariably cystic, especially when it has reached such 
a she. For this reason it is often spoken of loosely as a suprasellar 
cyst. It lies above the sella turdca projecting downward into it and ex- 
tending upward into the third ventricle, often completely filling the 
latter and pressing upon its walls in every direction. The smaller tu- 
mors may rarely be solid. These cumors may arise either above or below 
the diaphragma sellae. The subdiaphragmatic tumor compresses the 
hypophysis but does not usually talloon the sella. Instead it erodes 
the sella irregulacly, the dorsum suffering mainly. It then projects up- 
ward, usually anterior to the chiasm but often posterior to it or even 
to one side. The supradiaphragmatic tumor projects upward into the 
third ventricle and may come early to lie above the optic chiasm, which 
it compiesses downward and forward. The hypophysis is also flattened 
in the bottom of the sella turcica, and the dorsum sellae and anterior 
clinoidal processes are eroded (Fig. 50). 

The alterations of the sella turcica are quite variable ( 64 )', it may 
even appear to be completely normal. Usually some abnormality is found 
but rarely is the ballooning produced so characteristic of the hypophysial 
adenoma. Often both the anterior and posterior clinoidal processes are 
partially or wholly eroded. Again there will be only absorption of 
the dorsum sellae. Because of these erosions the sella appears shallow 
and its anteroposterior diameter increasftJ. The hypophysis is usually to 
be found as a flattened crescentic body in some part of the floor of 
the sella, but in rare cases may be mainly on top of the tumor; it is 
usually impossible to make out its various parts and the stalk is rarely 
disojverable. In many instances the hypophysis is to be found only by 
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microscopical examination. Rarely k will be only slightly Battened 
or completely normal. 

The tumor has a smooth or grossly nodular surface which usually 
projects into the cavity of the third ventricle without any capsule either 
of neuroglia or conneaive tissue. It may sometimes be peeled away 
from the surrounding nervous structures and has few vascular con- 
neaions with them. It is attached below to the region of the sella tur- 



Fig. 51. Median seaion of brain with craniopharyngioma in place 


cica and at operation it should not be forgotten that somewhere on its 
anterior surface the anterior communicaring artery will be found. The 
arteries of the circulus arteriosus also lie in close apposition to its basal 
parts and in fact may be imbedded within them. The smaller tumors are 
often solid, perhaps all of them are in the beginning, but usually cystic 
cavities are present and vary in size from those visible only with the aid 
of the microscope to others four or 6ve centimeters in diameter. The 
larger cysts are found to contain a viscid fluid varying in color from a 
light yellow to a greenish black. The fluid does not clot when exposed to 
the air. It contains almost always numerous crystals of cholesterin which 
are visible to the naked eye as shining spots on the surface. The solid 
part of the tumor usually lies in die neighborhood of the sella with the 
cyst above. The wall of the cysc may be very thin and contain no evf- 
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d«nce of tumor, or again, papilliform excrescences may be seen here 
and there (Fig. 51). It insinuates itself everywhere and may project 
through the foramen interventriculate into the lateral ventricle or 
through the incisura tentorii into the cerebellar fossa. Usually, however, 
it remains confined to the third ventricle. The obstruction of the third 
ventricle interferes with the freedom of circulation of the atebtospinal 
fluid so that there is usually more or Jess internal hydrocephalus from 
diiatation of the lateral ventricles. The corpus callosum is elongated and 



thinned and there are often openings of considerable size in the sep- 
tum lucidum. 

The MiCROSCOPtCAL STUCTURE IS composed essentially of epithelial 
cells which vary, however, greatly in appearance. Sometimes there seems 
to be a more or less continuous sheet of cytoplasm in which the nuclei 
are embedded. More often the cellular boundaries are distinct and in- 
tercellular bridges are found (Fig. 52). Still more frequently the cells 
are columnar, especially along the ajnneaive tissue. The last type is 
often called adamantinomacous {ii5) because of its resemblance to the 
embryonic enamel organ of the toothbuds. The resemblance is com- 
pleted by the presence of stellate cells in the central parts of the cel- 
lular masses. The tumor is always the seat of an extensive degenerative 
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process. Perhaps the earliest change of die sort affects the central parts 
of the cellular masses and results in the appearance of stellate cells 
similar to those in the central parts of the enamel organ. But the 
process may go on to complete disintegration so that cystic spaces are 
formed, filled with a coagulura of albuminous material. In these cysdc 
spaces gather also round globules which stain heavily with eosin, some 
of considerable size. Their nature is not known. Crystals of cholesterin 
are almost invariably present and many degenerated and desquamated 
cells. The connective tissue around the rare vascular channels be- 
comes hyalinlzed and may also break down to form small cysts. Often 
also calcium salts are deposited in the hyalin and these deposits cast 
the characteristic spotty suptasellar shadow in the roentgenogram. Mi- 
croscopically calcification is practically never absent but it is not al- 
ways possible to demonstrate its presence with the roentgen rays. Often 
there are areas in which the epithelial alls have become cornified. The 
nuclei of these cells have degenerated and the cellular boundaries are 
indisticCT, but it is possible to demonstrare them clearly when the cells 
are stained for keratohyalin; the allular boundaries then appear as clear 
lines. The keratohyalin appears as gtantiles which gradudly coalesa 
in the cornified cells. 

Near the base of the tumor the hypophysis will usually be found 
very much flattened, but with its charaaeristic granular cells still visible. 
The line of separation of the tumor from the brain is not always sharp, 
and projeaions of the tumor may extend like fingers some distance into 
the hypothalamic tissue. There is often a pseudocapsule of gliosis, but 
never a true capsule of connective tissue. One may find also isolated 
islands of epithelial cells in the region of the infundibulum which will 
give a clue to the ORIGIN of THE craniopharyngioma, now fairly 
definitely established. 

If the region of the hypophysial stalk be examined in a number 
of normal individuals small masses of squamous epithelial alls will 
be found in the infundibulum or in the upper part of the hypophysis 
(20) but much more frequently along the anterior border of the stalk, 
especially at its superior and inferior eittremities. The alls near the 
border of these groups usually resemble the basal alls of the epidermis, 
but within’they may be clearer, larger, with typical interallular bridges. 
There is generally no capsule of connective tissue. The masses may 
have a gradual transition into the columns of hypophysial alls, and 
chromophobe alls are occasionally found in the center of the groups 
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of squamous cells. Keratohyalin, horn, sweat-glands, sebaceous glands, 
and hair-follicles have never been found in Aese isolated rests. 

Such groups of cells come into these regions in the following man- 
ner. In the very young embryo before the oral plate is open, while 
the epithelium of the stomodeum is stili a single layer of cyllndrial 
cells, an out-pocketing from the buccal cavity extends upward to meet 
the downgtowth of the infundibulum, in the manner we have already 
described (page 95 ) , to form the hypophysis. In the third month of in- 
trauterine life, the conneaion of this out-pocketing (which is usually 
known as Rathke’s pouch) with the buccal cavity begins to disappear 
and is finally completely severed by the developing sphenoidal bone. In 
its funher development part of the epithelium of Rathke’s pouch fol- 
lows for a certain time the same evolution as the epithelium of the 
stomodeum, becoming first cuboidal, than transitional, and finally squa- 
mous. But from the tenth week of fetal life there begins in the ventral 
part of the pouch a tremendous proliferation of cells, so that the original 
anterior wall of the pouch comes to lie on the anterosuperior part of 
the anterior lobe of the hypophysis and finally is pushed into the neigh- 
bothood of the stalk which it partially surrounds. It is in this region 
that remnants persist as nests of squamous epithelial cells from which 
doubtless the craniopharyngiomas arise. 

Symptoms from tumor of the ctaniopharyngial dua may begin at 
almost any age, b ut usually under the age ofj fteen. It is also inter- 
esting to note that the ^mplaints of the patient s var y accordi ng to their 
ages (64). Qiildten complain of Headache and vomiting and are tound 
ofjcft- to have choked discs. FailingTjbido, amenorrhea, and obesity 
are prominent among the complaints ol^o ung ad ults. Still oldeF pa- 
tients complain first of f ailing vision and heada che. The adults rarely 
have choked discs; the inciden CT^ in tr acranial tension is m uch higher 
in children. Any disturbance in the se xuafsph ere or in personal appear- 
ance » awxioo&^y noticed at once by young adnVtv, on the contraty wvth 
advancing age such alterations are accepted with more equanimity, and 
more or less as a matter of course, so that failing vision an d headach e 
usually fi Kt drive the patients to coittult a~Dhys iaan. Yet a certain 
gamuT of symptoms and signs runs through the entire group, different 
ones more prominent at different ages, even though it is very difficult 
to determine in many cases the exaa chronologiml order of develop- 
ment of the insidious symptoms. I will describe them as they usually 
occur at various ages. 
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Children are presented to the physician because of headaches and 
vomiting. There is nothing peculiar about the headache; ordinarily it 
is impossible to obtain from the little patient any very precise descrip- 
tion. The vomiting is sudden and violent and occurs at most any time 
but especiall y on arisin g i n the morni ng. This may be all that one can 
obtain from the patient or parents but occasionally there will be a com- 
plaint of p ersis tent bed-wetting or that the child is delicate or too stout. 

The firstsign apparent to the examining physician is underdevelo p- 
ment. The stun ting o f growth is practically constant but varies in 
degfSe. It is particufaFly striking when there is a fairly regular series of 
children in the family. Moreover the head is usu ally large for the 
si ze of the chi ld. If it be perc ussetf the cracked-pot sound, indicativ e 
of s eparated cranial sutur es, will Jx elicite d. The ge neral habitus vari es. 
One variant, known as the Lorain type, is delicate and slende r; the skin 
is ver y thin and haif l^s; the"whoIe tmpression js One of fragil ity. An- 
other, called the Froehlich type, is rotund and sleek. In advanced cases 
an extreme emaciation develops; the child is irritaWe and often somno- 
lent. Qoser examination oltca reveals b ilateral choked di scs and Bitem- 
poral hemianopia, although precise visual fields are difficult to obtain 
from cfuidren. Very often a p olyuri a will be found to explain the bed- 
wetting; it is rar ely extre me. The temperature may be very irreg ular, 
with often a lowTeverTTKece may be~attacig or retra cti^ of the head, 
accompanied by extensor spasm of the extremities, stu por, and vomi t- 
ing. There is often a squint from palsy of the sixth nerve. A roentgeno- 
grai^ of the head will show that the crania l sutures are separated. The 
. sella turcica is usually widened and appwrs shallow from erosion of the 
clinoiJ^rocesses; in rare cases the sella may appear normal. But most 
important of all, usuallj^bove, but ocosionally within the sella, is a 
patchy, spotty, or blotchy calcification charaaeristic of the tumors of the 

hypo^ysial «alk. ' 

Young adult patients may also come to the physician complaining 
of headaches or of failing vision but often of a series of roubles nat- 
ural ly absent in the children, namely, disturbances in the sexual sphere . 
If a young woman, it will be found usually that she is unmarried. The 
menses in these cases are tardy in appearing, perhaps have never ap- 
peared or nave recently ceased. The bre asts are unde veloped; the_pubic 
and axi lTary hair scanty.'~The s kin is delicaje , hairless, and of a pasty 
color. The ^tient is often undersized and^e contour o f the body j s 
childish so that one thinks again ot infantilism. She is usually fat; has 




124 


INTRACRANIAL TUMORS 


always been so or recently giined rapidly in weight, but may be not only 
n ot fat but have a strange!^ wrinkled skin a nd expression which, 
combined with the sm all si ze, gives the impression ofal ittl^ld woma n. 
The young men are very similar except that their c omplaint is laclTo f 
libido. The genit alia are apt to be underdeveloped. If marrie d the y are 
often sterile. ThelxJtijiy hair has a letQinme distribution and the beard 
is sranty."^ 

In these patients it is possible to examine more carefully the eyes. 
The most common defea in the visual fields is a bitemporal o ne, but 
if incomplete if rarely shows she typical topography and progression 
found with the pituitary adenoma. Bizarre alterations of the visual 
fields are common, such as central sa>tomas, lateral homonymous de- 
fects, inferior temporal de/ec^Tor irregular islands*orvision. The cen- 
tal scotomas are probably to be explain^ by the faa that the cranio- 

' pharyngiomas lie often back of the chiasm where they press early on the 
crowed macular fibers in its posterior border. Th ese cha nges are ac- 
com^nied by primary optic atrophy; choked discs are rareStercEIltl- 
hood. The visual changes^atelSuSly ore^^ by neadache^ hiA is 
desaibed as being frontal, between or behind the eyes, less often bitem* 
poral. It is sometimes accompanied by vomiting. These patients are 
oft en sleepy and have vague attacks of faintness accompanied bv m 
unpl easant ca^e or odor but rarely by 1(^ of consciousness or con - 
vulsions. Tlie basal metaboL'c raw is low, sometime^ as much as —55 
or ’more, and the temperature is often subnormal. Pol yuria and tx>tY- 
di psia are com mon. The bloo dpressure is often low and the pulserate 
slow.^e x-rays reveal the same calcification^n^the region of the sella 
and the same erosions as in the children. There is, however, no dilata- 
tion of the cranial sutures. 

^,/Toward middle life the patients seem particularly disposed to be 
thin and asthen ic. Their skins, cspedally of the fare, are covered by 
a myri ad of w ritikla. Their bodily hair is usually reduced. They are 
usually of nor mal sta ture and die genitalia normally developed. 

--The elderly patients come complaining of headache or of visual 
disturbances. Questioning usually elicit s a history of inaease in weight 
which may later have been lost, diminution of libido, impotence, of 
amenorrhea which precedeTy months or yearT'the ons ^of head ache. 
But these' symptoms are often attributed to advandng age, ill he alth, 
or menopause and little attenti on^ paid to the m. These elderly padents 
are rarelylmdersiz^ and it 5omeum« requires close scrutiny to derea 
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alt eratioas in bodilji^ configura tion, teact ure of skin , dlstribution of half , 
and the ot her general changes so common in younger patients . The 
typical detect oi the visual fields p lus the find ings in the roentgeno- 
gram make the diagnosis. 

We must note now some uncommon symptoms of unusual physiologi- 
• cal interest. Many patients have a ttacks of flushing and transitory, ed ema 
or urticaria, giving evide nce oF a marked vasomotor instabill cy. Sud- 
den and unexplained febrile attacks are not uncommon. Quldren are 
usimlly placid or even cheerful; adults are usually even-tempered and 
sometimes indifferent to such an extent as to make one think of demen- 
tia praecox. In advanced cases there may appear ataxia and equilibratory 
disturbances, parkins onian rigid ity and bradykinesia (70), paresthesias 
in the back or extremiries, spasticity ot the lower extremities, attacks 
of extensor spasm of the extfemities7 paralysis ot tne thl^, tbur th, fifth 
and si xth nerves o r anosm ia. 

From our study of the morbid anatomyx>f these tumors we might 
expea symptoms from three sources: {Vyintracranial hypertension, (2) 
'^disturb ance of hy pophysial function, and ( 3 ) Comp ression of the neigh- 
boring nervous structures. 

It is easy to understand that a tumor which occupies the region of 
the thirdventticle should interfere with the circulation of the cere- 
brospinal fluid and so cause inaeased imraCTanial tension with its usual 
train of symptoms — headache, vomiting, swelling of the optic discs, 
slowing of the pulse — but it is not apparent whj these symptoms do 
nocofcen o ccur m adults in whom the tumor seems to reach a size equal 
to those of ^childrert iT is^lso evident that the resulting hydocephalus 
will, in children, cause dilatation of the cranial sutures and inaease in 
the size of the head. 

The results of disturbance of hypophysial function I have already 
discussed. They are stunt ing of g row^, inf antile habitus, dea rth of 
bodily hair, distur banc e of sexu^function, wrinkli ng of th e skin, low- 
ering'of me tabolism with Its attendant lassitude and fatigue. We need 
not return to this subjea (See ^ge 108)^ 
vCompression of the neighboring optic chiasm is clearly the cause of 
the optic atrophy and of the defects in tEe’visual fields. Theoretically 
we might expea a difference in the visual fields depending upon the 
origin of the tumor above or below the diaphragms sellae or upon the 
position of the r hia-sm before or behind the tumor (372). When the 
tumor lies above the chiasm one might expea a lower defea in the 
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visual fields and this is sometimes found but there seems to be no gen- 
eral rule in this regard. Usually when the patient comes first under ob- 
servation there is a more or less a)mplete bitemporal hemianopia. 
Homonymous defects are rare. The diplopia can occasionally be ex- 
plained by a paresis of the sixth nerve, especially when there is intra- 
cranial hypertension, but often one must invoke in explanation the de- 
--fect in macul ar visi on which makes binocular vision possible only by 
the use of heteronymous fields (12^). Occasionally late in the course 
of such a tumor it may reach such she as to compress the third, fourth, 
or sixth nerves in the wall of the cavernous sinus and so cause diplopia; 
such cases are rare. 

In order to understand the other neighborhood-symptoms we must 
make an excursion into the structure and function of the hypo- 
thalamus, a region of the brain which is too briefly dismissed in your 
manuals of anatomy and physiology. The topography of the hypothala- 
mic region is portrayed in Figures 53 and 54. It lies fust above the hy- 
pophysis cerebri and is conneaed with the pars nervosa by a narrow 
stalk of nervous tissue surrounded and permeated by many bloodves- 
sels. Between the two hypothalami is the narrow downward extension 
of the third ventricle known as the infundibulum. The nervous tissue 


forms a funnel, when regarded from the outside, called the tuber cin- 
ereum. Anteriorly lies the optic chiasm, and the hypothalamus extends 
a variable distance in front of it, as fat as the anterior perforated space, 
in a narrow zone known as the supra-optic lamella. The optic tracts 
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^hich curves in the form of a crescent ov er the optic chiasm. Its cells 
als o follow the optic tracts for a short dis tance latero^steriorly. They 
are fairly large and th eir tigroid sul» tance is grouped in the periphery 
of the cytoplasm. They are closely clustered into a compact mass. The 
nucleus paraventricularis is an ova! discrete mass of cells lying close to 
the ventricular surface, medial to the columna fornicis. It stretches be- 
tv'een the chiasm and the massa intermedia. Its cells are somewhat smal- 
ler than those of the nucleus supra-opticus and their nuclei are larger. 
The tigroid masses, although massed in the periphery of the cytoplasm 
are smaller and stain less intensely. The cells of the nucleus tubero- 
mamillaris are diffusely scattered from the nucleus supra-opticus to the 
mammillary body which they surround on its ventral and dorsal sides. 
They surround also the columns of the fornix. The tigroid substance of 
these cells is more diffusely distributed through the cytoplasm. They are 
of moderate size. The nuclei tuberis laterales consist of several nests of 
small cells on the periphery of the tuber cinereum. Their cells are com- 
pactly arranged and differ sharply in structure from those of the sur- 
rounding nuclei; they contain very little tigroid substance but are filled 
with yellow pigment. These nuclei seem to be phylogenetically young, 
They are diffi^t to identify in some monkeys and their identity in 
lower mammals is disputed. Extending back above the corpus mamillare 
toward the tegmentum mesencephali are the large cells of the nucleus 
reticularis hypothalami. They have large discrete tigroid masses charac- 
teristic of motor cells. 

The interrelations of these various nuclei (except the mammillary ' 
bodies and corpus subthalamicum) are very imperfectly known. They 
are supposed by phj'siologists to constitute a sort of head-ganglion for 
the sympathetic nervous system. It is interesting, therefore, to note that 
their ails do resemble verj' closely the sympathetic cells of the inter- 
mediolateral columns of the spinal cord. It is also interesting that only 
the cells of the nucleus intercalatus of the mammillary body and of the 
nucleus reticularis hypothalami have the large disaete tigroid masses 
characteristic of motor cells. It is known that from the nucleus reticular- 
is hypothalami fibers extend backwaird into the tegmentum mesen- 
cephali (tractus reticularis hypothalami). Descending fibers from the 
cells of the nucleus tuberoraamillaris are thought to do likewise. How 
far these fibers go is not known but, judging from the strucmre of the 
cells, only those of the nucleus reticularis are clearly motor. The cells 
of the nucleus tuberomamillaris, nucleus paraventricularis, and nucleus 



128 


IMTKACnANlAL TUMORS 


supra-opticus have the charaaeristic stnicture of intercalated neurones. 
'The nucleus supra-opticus sends fibers k > the posterior lobe of the hy- 
^ pophysis cerebri (tractus supra-optioohypophyseus). From the nucleus 
paraventriculacis a band of fibers streams toward the infundibulum 
(tractus paraventricularis cinereus); its termination is unknown. The 
nuclei tuberis laterales are unique in structure. They receive fibers from 
the frontal region (tractus frontotuberis) whose origin is undeter- 



Fig. 53. Scheme of median surface of the hypothalamus to show nuclei and tracts. 
1 — supra-optic nucleus; 2 — oudei tuberis laterales; 3 — nucleus tubero-mamil- 
laris; 4 — nucleus paraventricularis; 5 — corpus subthalafflicum; 6 — corpus mamil- 
lare; 7 — substantia gtisea centralis; 8— substantia reticularis hypothalami. 

mined; they are said to send backward toward the midbrain (tractus 
tuberis) fibers whose termination is likewise unknown. It is probable 
that the hypothalamic nuclei and their fibers belong to a relatively un- 
differentiated, phylogenetically old, part of the brain and that there are 
no clearly differentiated long fiber-systems but rather short chains of neu- 
rones. At any rate few iuferenos can be drawn from their structure 
and relations which will aid us in understanding the effects of lesions 
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of the hypothalamus. The most definitely established facts are sum- 
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it and the optic traa, supplied by branches of the internal carotid ar- 
tery; (3) the lateral and saccular eminences, and the optotuberian 
sulcus, supplied by branches of the posterior communicating ar- 
tery; and (4) the mammillary bodies and prepeduncuJar fossa sup- 
plied either by the posterior communicating or posterior cerebral 
arteries. The supra-optic nucleus is supplied by the branches from the 
anterior cerebral artery, the nuclei tuberis laterales and tuberomamil- 
lares by branches of the internal carotid and posterior communicating 
arteries of zones 2, 3, and 4. The nucleus paraventricularis is supplied 
by long branches from the posterior a)mmunicatiog artery which run 
beneath the ventricular epithelium. The larger branches of these ar- 
teries penetrate in the fissures. The mammillary bodies and the nucleus 
reticularis hypothalami are supplied from the posterior cerebral or pos- 
terior communicating arteries. It is possible, therefore, to have soften- 
ings from vascular occlusion which would be restriaed fairly well to a 
single nucleus. 

From the study of such lesions and others in this region it has been 
concluded that the paraventricular nucleus has a special relation to the 
metabolism of orboh^ates, the s upra-opa' c nucleus to the metabolism 
of water and the nuclei tuberis to the regulation of heat. There 
is at present, Trowever, no general consensus and the problem, al- 
though very important to physiologists, has little importance for the 
study of brain-tumors which make, usually, gross lesions of the nervous 
tissues. Physiological experimentaiion has confirmed the significance of 
the hypothalamus as a whole 03). It seems j airly clear that this region 
is an integral part of the mechanism which conSrols reacstons in the 
sphere of the sympathetic nervous system. When one remembers how 
diffuse is the structure of the sympathetic nervous system, that there are 
few definite bundles of fibers in the hypothalamus, that physiologically 
the sympathetic system reacts l argely as a unit, and that in the clinic all 
the various symptoms are usually^ aBoiriated, it seems improbable that 
any attempt to assign specific functions to the various nuclei should suc- 
ceed. Under these circumstances I feel it best at present to discuss the 
functions of the hypothalamus as a whole. 

If in a cat the central nervous system anterior to the hypothalamus, 
including the basal ganglia and most of the thalamus, is removed the 
animal still is able to regulate its temperature, but enters after half 
an hour or so into periodic attacks of a peculiar nature (54 ) . He thrashes 
about, strikes out with his paws, extrudes the claws, snarls and spits. 
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lashes the tail, and pants vigorously with the mouth open. At the same 
time there is sweating from the me-pads, rise in bloodpressure, accelera- 
tion of the heartrate, erection of the hairs on the tail, retraction of the 
nictitating membranes, exophthalmous, and dilatation of pupils. The 
animal in other words gives evidence of being in a violent rage, ac- 
companied by the usual diffuse results of a sympathetic discharge. When 
the hypothalamus is now removed by section passing from the anterior 
rolliculi, just back of the mammillary bodies, these attacks disappear 
and the animal can no longer regulate its temperature. If the section 
is made primarily at the latter level the attacks of rage do not appear. 
Moreover, it has recently been shown that if the frontal region in the 
cat be separated from the hypothalamus by a transverse cut anterior to 
the optic chiasm the animal is transformed from a docile friendly crea- 
ture into a snarling vicious beast (222). 

If we take another cat and stimulate the hypothalamus electrically, 
widespread physiological reactions are obtained. By stimulation lateral 
to the infundibulum one obtains widening of the pupil, narrowing of 
the palpebral fissure, and retracdon of the nictitating membrane. Genera! 
vasoconstriction, sweating, secretion of tears, contraction of the preg- 
nant uterus and of the Intestine, have all been reported to follow stimu- 
lation either of the hypothalamus or subthalamus. Similar results are 
obtained in other animals. For example, in the pigeon several weeks 
after decerebration, if the deep ventricular surfaces of the diencephalon 
posteriorly be stimulated electrically, there occur movements of the 
eyes and constriaion of the pupils followed by sudden flying and circu- 
lar movements (410). Sometimes there is obtained an elevation of the _ 
temperature of the body with erection of the feathers, shivering, and 
muscular tremor. The temperature-reaaion may be obtained much more 
easily by cooling the regon with a piece of ice. In addition it should be 
noted that a marked diuresis follows in the twenty-four hours follow- 
ing stimulation (4ll)‘ 

If the hypothalamus be acutely injured a new train of phenomena ap- 
pears. One of the most striking results is an intense polyuria (40). A 
dog which has been punctured in this region may pass as much as five 
liters of urine in a day. The polyuria is preceded by polydipsia and is 
usually most intense in the days immediately following the injury, but 
may last for weeks and months. The same effect has been obtained in 
the cat (193) and the rat may be caused to drink twice its body-weight 
in the course of a day. The decerebrate pigeon may dehydrate itself and 
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die. Another frequent symptom is glycosuria. Ordinarily the glycosuria 
occurs only in the first twenty-four hours, but by introducing into the hy- 
potl^amus of a rabbit a small glass-cube filled with fatty adds, there 
has been produced a gl)fCosuria which appears generally about the fif- 
teenth day, reaches as much as 65 grams per liter of urine, and lasts 
from one to as much as fifty-five days. After a long period of latency 
a marked adiposity may result. This has been observed in the dog and 
rat {448). Such a rat is shown in Figure 43 compared with a littermate 
and with another rat of the same age from which the hypophysis has 
been removed. The deposition of fat is general in the dog, the vis«ral 
organs as well as the subcutaneous tissue being Involved. It is im- 
porrant to note that this adiposity is assodated with a marked atrophy 
of the genitalia. Recently it has been shown also that the hypothala- 
mus is related in some way to the heart. Under chloroform-anesthesia 
stimulation of the posterior portion of the hypothalamus produces an 
extrasystolic cardiac arrhythmia. This arrhythmia can no longer be 
elidted after the hypothalamus has been severed from the midbrain or 
after a destructive lesion of its posterior portion. 

Immediately following a destructive lesion of the hypothalamus 
there is frequently a sharp rise in temperature. If the animal survives, 
its temperature subsequently becomes subnormal. Such animals huddle 
against radiators and sceampipes and the hair is not erected even in 
the coldest weather. It has been abundantly proven (5P6) that sympa- 
thetic centers in the hypothalamus are in control of the bodily tempera- 
ture. 

It has been noted that animals after injury to the hypothalamus 
are particularly somnolent. It is known that decorticate dogs sleep (301 ) 
and that cats from which cortex and striatum have been removed will 
sleep. Sleep has been produced in cats by electrical stimulation of the 
region around the anterior end of the aqueduct of Sylviusj to produce 
this effea an optimal current is necessary, stronger stimulus awakening 
die animal. Injection of small amounts of calcium chloride into the cen- 
tral gray matter In the region of the infundibulum in cats produces 
sleep, characterized by slowing of the pulse and respiration, narrowing 
of the pupil and appearance of the nictitating membrane. Injections 
into the surrounding regions never cause sleep. 

All of these symptoms which have been obtained in experimental 
animals may be duplicated by the effects of lesions of the human hypo- 
thalamus (220). In fact most of the experiments were undertaken in 
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the search for an explanation of pathological conditions in man. As 
early as 1890 it was pointed out that a disease in which the pathological 
lesion predominated in the gray matter around the aqueduct of Sylvius 
was associated with an exaggerated sleepiness. When in 1917 there 
was a recrudescence of this disease It was given the name of lethargic 
encephalitis (Economo's disease) . Ir caused in the course of the epidemic 
neatly all the symptoms which we have enumerated above and a mul- 
titude of others. Not the least amazing of these were the perversions of 
sleep, not only somnolence, but inversion of the sleep-rhythm. There 
are records of other nonexpansive lesions in the hypothalamic region 
associated with pathological sleepiness, such as embolic abscess or throm- 
bosis. Of course any intfacraniaJ tumor when it has produced a sufficient 
degree -of intracranial hypertension may cause stupor, but the drowsi- 
ness which occurs in the absence of any signs of intracranial hyperten- 
sion is always associated with a tumor in the region of the third ven- 
tricle, such as the tumors of the hypophysial duct. 

With the polyuria produced in animals corresponds a disease known 
in man as dkibetes insipidus, in which the patient passes tremendous 
quantities of a very dilute urine. This dise^ has been produced in 
man by gunshot wounds of the hypothalamus, by leutic endarteritis, by 
epidemic encephalitis and by descrucuve nonexpansive tumors. Dia- 
betes insipidus may occur os an Isolated disease but is often associated 
with adiposity and genital dystrophy, and also with hypersomnia. There 
has long been an argument concerning the relauonship of the posterior 
lobe of the hypophysis to these symptons; there can be no question 
that all these symptoms may arise from lesions of the hypothalamus 
which leave the hypophysis intact. 

Tumors in this region are peculiarly liable to be accompanied by 
f CTcrsotha t a diagnosis of encephalitis is frequently made {459), and it 
^g~Been known that opera tions fa the region of the tfiircf v en- 
tricle are pa rticularly ha zardoS^ because ot the treouencv of a posto ^- 
ative hyperthermia which is almost inva^ble, and may be uncon- 
trollabte^ that the patient dies with a temperature of 43“ or more. 
During the period of hyperthermia the patient is semiconscious or quite 
unconscious, the pupils are contracted, sweating is absent, and cardiac 
irregularities ‘may appear. If the acute disturbance improves there may 
appear a diabetes insipidus, even in cases in which it had been absent 
before operation. The temperature now becomes subnormal and the pa- 
tient may develop a cachectic state from which he dies. 
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Some interesting observations have been made during operations in 
this region under local anesthesia, h&niacal attacks have been provoked 
in which flight of ideas went even to incoherence (Foerster) and was as- 
sociated with disotientatton. Sieepine^ has also been produced; a child 
who a moment before was talking with the surgeon (Vincent) suddenly 
went to sleep. When awakened a few moments later he said, "Let me 
alone. I want to sleep. I am sleepy." He had, therefore, a feeling of 
sleepiness. For the next four or flve days he continued to sleep and when 
aroused to eat repeated "Let me alone. I am sleepy." It is not uncommon 
after operations in this region under general anesthesia to have the pa- 
tients exceedingly somnolent for many days. Occasionally manic excite- 
ment develops. Here is a typical example of the sort of postoperative re- 
aaion one may obtain (ii); A boy of thineen from whom a tumor of 
the third ventricle had been removed made an excellent recovery from 
his anesthetic. The wound healed perfealy and the patient’s pulse and 
respiration continued good but he developed a most remarkable reac- 
tion. He was very restless, rolling and tossing constantly, crying and 
whining incessantly. He would answer only afrer persistent questioning 
but his answers indicated perfea comprehension. This state of affain 
persisted for nearly two weeks at the end of which time he still pre- 
ferred to stay in bed curled up, with his head under the covers, com- 
plaining that he was cold. He would answer questions but always ended 
by weeping. The involuntary movements of his limbs made it impossible 
for him to walk. There was little spasticity but definite resistance to pas- 
sive motion. Definite coarse tremor of both hands was present. His 
speech was jerky, buc there was no definite dysarthria and no dysphagia. 
He was troubled very much by insomnia, scarcely sleeping at all, and 
weeping or laughing on any stimulation. The symptoms gradually disap- 
peared until by the end of the third week he was normal again. It was 
impossible during this time to make a careful examination because of his 
extreme lestlessness. His temperature remained above normal until the 
nineteenth day. 

Such observations as these have made us believe that the basal regions 
of the brain must exert a regulatory influence upon the cortex cerebri 
(9S) . The nuclei and tracts involved ate unknown but two mechanisms 
are invoked, one situated anteriorly in the anterior inferior part of the 
central gray matter around the third ventricle which excitM, and an- 
other around the posterior superior part of the third ventricle and aque- 
dua of Sylvius which dims and quiets. The symptoms of the latter 
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region are fatigue, sleepiness, stupor, slowing of thinking, and dimming 
of consciousness. At any rate it is proved that the hypothalamus is in- 
timately associated with the sympathetic nervous system and with the 
expression of emotion. That the last two are inseparable has been amply 
demonstrated {101). 

In view of the foregoing evidence there can be little doubt that, 
of the symptoms which patients with craniopharyngioma develop, the 
following reveal a disturbance of the nervous structure of the hypo- 
thalamus or the adjacent regions of the midbrain: polyuria, adiposity, 
hypersomnia, hyperthermia or hypothermia, cardiac irregularities, emo- 
tional disorders, and in part perhaps the genital dystrophy; these in- 
clude the two well-known clinical syndromes of diabetes insipidus and 
adiposogenital dystrophy. Rarely pubertas praecox seems to be produced 
by a lesion in this region (273). 

Other rare symptoms which we have noted above may be variously 
explained — the spontaneous pains by compression of the epithalamus, 
the bradykinesia and rigidity by compression of the extrapyramidal 
motor pathways, the ataxia by involvement of the red nuclei or superior 
cerebellar peduncles or frontopontine tracts, the mental deterioration 
by chronic hydrocephalus, the pseudobulbar phenomena by pressure on 
the corticobulbar pathways. 

^ Differential diagnosis must be made largely from the adenomas 
of the hypophy sis. The age^of the patient is of some assistance, since 
adenomas almost invariably develop after the age of fifteen (Fig. 47). 
The roentg enogra m of the sella turcica is also helpful; the sella is 
enlarged by an adenoma almost always in symmetrical fashion, while by 
a tumor of the hypophysial dua the sella as a rule is widened and flatt- 
ened and the clinoid processes eroded. The s uprase llar calcification of 
the craniopharyngioma is very rarely found with an adenoma. The clini- 
ca.1 symptams ase also adeno ma is acc ompanied by 

a polyuria and rarely by stunting of growth, whereas acromegalic symp- 
toms, at once make a diagnosis of adenoma. The visual fields in cases 
of adenoma are usually regular and any bizarre visual defects should 
make one think of a craniopharyngioma. Central scotomas are much 
more frequent with craniopharyngiom as although rarely a rapidly deve l- 
oping adenoma will cause sucb^^eiea, Fatients with either lesion are 
apt nTbe inactive but the one with an adenoma c omplains or iatjgue" ahd 
lassimde; the other more often o f sl^piness. The headache is of the 
same character in both and papilledema, occurring only in children 
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(with rare exceptions), is seldom of any aid. IXimors of tiie hypophysial 
dua seem to be able ro re ach a greater sire.beforc catisint> serious v isual 
disturbances; perhaps for this reason one sees a series of symptoms rarely 
associated" with adenomas, such as at^'a, bradj^esia, pains in the 
body, and extremities (found also in acromegaly from a differelircause), 
tonic extensor spasms, spasticity and transitory edemas. 

In cEldren these tumors must be differentiated from the midline 
cereb ellar neoplasms. In typical cases the diagnosis is easy but some- 
times'tHeir differentiation is exceedingly difficult. There is a dearth of 
cerebellar symptoms in many cases of midline cerebellar tumors. More- 
over, the internal hydrocephalus caused by tumors in the cerebellar fossa 
affects also the infundibulum of rhe th}r<3 ventricle which presses down- 
ward into the sella turcica, enlarging and eroding it (Ii2). The hy- 
pophysis, moreover, is compressed as well as the hypothalamus, caus- 
ing stunting of growth. When one remembers that the tumor of the 



Fig. 55. Graph of age-dmrihutioQ of craniophaiyogiomas. 

'^hypophysial duct may give rise to definite cerebellar symptoms (52), 
high intracranial tension, separauon of the cranial sutures, and chat t 
suprasellar calcification may be absent, the difficulties of the situatioo 
may be appredated. 

There is another tumor of childhood with which the craniopharyngi- 
oma may be confused — the glio ma of the optic chiasm. One may suspect 
such a glioma if the child has peripheral manifestations of generalized 
neuro fibrom atosis. It may be posithrply identified by the demonstration 
of dilatation of the optic foramina. In all children whose symptoms in- 
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dicate an involvement of the hypothalamic region, and in whom no su- 
prasellar calcification can be demonstrated, it is wise to make roentgeno- 
grams of the optic canals. These children may have polyuria, adiposity, ^ 
and many other general symptoms of tumors of the hypophysial duct, 
but rarely the typical arrest of growth. 

Qiro nic circumscrib ed arachnoiditis (112) may sometimes simulate 
these tumors but there is, of a>urse, no s uprasel lar <alcification in these 
cases, and the sella itself is normal. Signs of involvement of the hy- 
pophysis or hypothalamus arTlBually absent. At the onset of symptoms 
the visual acuity is rapidly lost withou t visible change of the fundus. 
Central scotomas are fr^uent and early; bitempo ral hemianopia is r are. 

In”tbe adult must be differentiated also the menjngioma developing 
from the tu berculum sellae (143), The diagnosis is made difficult be- 
cause botir the adenoma and the craniopharyngioma are likely with ad- 
vancing age to give fewer and less-striking general constitutional symp- 
toms so that, in all three, the symptoms may be largely confined to al- 
terations in the visual fields. Although in a patient beyond middle age 
the gcadual dev elopment of a bitemporal hpmMnrtpfa without other 
symptom s ‘means usually a meningioma, a positive diagnosis cannot al- 
ways be made without biopsy. 

Mistakes may be made with rarer tumors of the third ventricle also. 
The positive identification of a tumor of the hypophysial duct before 
operation rests largely on the suprasellar calcification, which is present 
in 85 percent of die cases (3j>J) and when tjT)ically developed is al- 
most pathognomonic. 

The only logical treatment is to remove the tumor, but it lies 
in a very inaccessible situation in the center of the brain. Guarded in 
front by the optic chiasm, on the sides by the carotid arteries, behind 
by the brainstem, surrounded by the circulus arteriosus, it seems to defy 
the sucgeoo. Lucidly it is attached, and receives its blood-supply, largely 
at the base. Its upper pan is usually cystic. After the cyst is emptied the 
wall can often be pulled out without provoking any hemorrhage; it is 
not sufficient simply to puncture the cyst because it soon refills. But if 
the cyst is of considerable size the results of the collapse of the basal 
regions of the brain, as we have already remarked, may be disastrous. 
And if the diencephalon should manage to recover its equilibrium we 
have no means of relieving the hypophysial deficiency. There is no other 
hope in these cases, but the mortality and morbidity from operation will 
doubtless continue to be very high. 
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TUMORS OF THE INTRACRANUL CONNECTIVE TISSUES 

GENERAL DISCUSSION SARCOMA MELANOBLASTOMA 

Whereas in the earlier statistics concerning intracranial tumors sar- 
comas constituted some 40 percent of the total ( 455 ), in more recent 
statistics they are often not even listed. This can mean only that the 
use of the term has changed. In the former sense of a rapidly growing 
cellular fleshy tumor, sarcomas are still quite common. But in the 
modern sense of malignant tumors of mesodermal origin they are rare 
in the intracranial cavity. Yet there are occasionally tumors for which 
the word is still proper and among them a diffuse neoplasm often called 
SARCOMATosis OF THE MENINGES. Here is the brain of such a case 
(Fig. 56). Its gross appearance is that of tuberculous meningitis. In 
fact such was the diagnosis made by die pathologist at becropsy and 
tectifled only aftei miscioscopical study. 

The patient (CASEIX) from whom this brain was taken was a woman 
of forty-flve years who, according to her husband, had had headaches, 
diagnosed as migraine, all her life. There was also a familial history of 
migraine. At the age of thirty-three, following the birth of the second 
of her two children, she suffered from a "nervous breakdown," charac- 
terized by "weakness, nervousness and being tired." This lasted for 
three years, during which time the patient complained of frequent at- 
tacks of pain and stiffness of the neck. For the last four months of her 
illness this pain and stiffness had been more severe and constant. She 
tended to keep her head bent forward. Her husband noted that she was 
becoming increasingly irritable. One month before admission to the 
hospital she developed numbness of the right side of her face and neck 
and of her right hand. It was frequently observed that she could not 
feel light objects, such as a handkerchief, with her right hand. About 
this same time she began vomiting profiaely and continuously. She had 
visuhl hallucination and saw objects such as flowers, farming machinery, 
and Mople. She als\ developed an inward rotation of the right eye and 
complained of diplopia. This soon disappeared, only for the left eye 
to bwme similaily involved soon afterward. It was also obsened that 
\ 138 
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generally diminished but equal on the two sides. There seemed to be 
a definite diminution in response to pin-prick on the right side of the 
body as compared with the left. Spinal fluid had been obtained by lum- 
bar puncture at another hospital and was reported to be normal. She 
had a leucocyte-count of 15,000. The roentgenograms of the skull were 
not very satisfactory, but those obtained appeared normal. 

A positive diagnosis was impossible but it was thought that the pa- 
tient might be suffering either from a tumor in the cerebellar fossa or 
from an encephalitis. It was decided to make a ventriculogram the 
following morning, but she died in the course of the evening. The 
death was definitely due to respiratory failure; the heart continued to 
beat long after respiration had ceased. 

Permission was obtained for examination of the brain. This w-as 
made three hours postmortem. There is, as you see, no gross evidena 
of tumor of the brain. The convolutions ate somewhat flattened and 
hyperemic. The ventricles are slightly dilated. The leptomeninx is cloudy 
and thickened, especially around the base of the brain. A diagnosis 
of tuberculous meningitis was made from gross examination of the 
brain, but microscopical examination proved this diagnosis to be er- 
roneous. The leptomeninx practically everywhere is actually trans- 
formed into a diffuse tumor which extends to the depths of ^e sulci 
and even accompanies the bloodvessels for several millimeters into the 
cortex. The deeper vessels are not seen to be involved. 

The neoplastic cells lie in an abundant network of reciculin. Collagen 
is found only around the larger bloodvessels. Many of the cells, es- 
pecially near the vessels, resemble lymphocytes; they have small, round, 
heavily stained nuclei and verj’ little cytoplasm. Other cells are elon- 
gated, but most numerous are polygonal or rounded cells with abundant 
eosinophilic cytoplasm and eccentrically situated nuclei (Fig. 57). Many 
of the latter resemble signet-rings. Mitoses are frequent There is no 
melanin in the cells. The tumor extends to the tip of the bulb, very 
probably also to the Icptomeninges of the spinal cord which, unfortu- 
nately, we were not permitted to examine. In similar cases the spinal 
meninges have been found also to be transformed into nunor (60); 
here is an example of such an extensfon. 

Ayounggirl (CASEX) of nineteen years awoke nauseated and vomit- 
ing one night about three months before her admission to the hospital. 
Previously she had been well except for a peritonsillar abscess two 
years before, and was counselor at a girl’s camp at the time of her 111- 
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ness. About one week later another period of nausea and vomiting kept 
her in bed all day. Since that time she remained in bed. Whenever she 
attempted to get up she had a severe headache and vomited. She soon 
began to complain of double vision, and the left side of her mouth 
drooped. 

When admitted she preferred to lie on her right side, saying that 
in this position she was less dizzy and nauseated. It made her head 



Fig. 57. Dtawiog of mictosopical preparation of meningeal sarcoma from 
Case ix. Surface of cerebrum at left. 

ache to flex it anteriorly. It was difficult for her to move the eyes con- 
jugately to the right; conjugate movements upward and to the left 
were normal. There was no definite nystagmus, at most a few jerks 
when looking to the extreme left. She was unable to converge. There 
was a slight hyperemia of the optic discs but no measurable elevation. 
The pupils reacted normally to light. More careful investigation of the 
diplopia seemed to indicate a weakness of the left internal rectus muscle. 
There was a peripheral paresis of the left facial nerve and some diminu- 
tion of sensory acuity over the left side of the face. No disturbances were 
found in the upper extremities. The lower extremities were normal ex- 
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cepc thac the left ankle-jerk was brisker and there was a questionable 
left extensor plantar reflex. There were no symptoms of involvement of 
the cerebellum. 

The most definite findings were the left facial palsy and disturl»nce 
of conjugate movements of the eyes. With acuity of the left eat normal 
(caloric tests were not made because of the patient’s condition) a tumor 
in the left cerebellopontine angle seemed unlikely. There was no indi- 
cation that the cerebellum was primarily involved. The fact that there 
was only slight swelling of the optic discs made it possible that the tumor 
lay within the pons but there seemed too few pyramidal and sensory 
symptoms to make this localization probable. It was finally decided that 
the tumor most probably lay in the fourth ventricle and a suboccipital 
exploration was made. There was disclosed a soft reddish-gray mass of 
tumor filling the posterior cistern and extending over the surface of 
the right cerebellar hemisphere down into the spinal canal and around 
the bulb into the right cerebellopontine angle. The tumor did not ex- 
tend into the fourth ventricle. As much as possible of this tumor was 
removed. After operation the patient's respirations were very irregular, 
labored, and shallow. Her spe^ was indistinct. She gradually became 
comatose. It was thought that a hematoma must be forming so the 
wound was reopened. The cerebellum was very edematous and some 
clotted blood was removed. Although there seemed to be no compres- 
sion of the bulb a laminectomy of the first and second cervical vertebrae 
was made. Her condition did not improve and she died a few hours later. 

A complete examination was made, three hours postmortem, which 
disclosed a diffuse tumor spreading in the leptomeninx over the base of 
the brain (Fig. 58) as far forward as the olfactory region and down 
the spinal cord to the cauda equina. The tumor spreads upward between 
the frontal lobes and back over the corpus callosum. It completely sur- 
rounds the midbrain, being about 2 ram. thick over the corpora quad- 
rigemina. It extends into the sheath around the left gasserian ganglion. 
Over the spinal cord the thickest infiltration is on the posterior surface. 
In the cauda equina are several rounded nodules about a centimeter 
in diameter among the roots. 

It was long thought thac meningeal tumors arose from the dura 
mater, hence the name fungus durae matris formerly applied to them, 
but evidence of a leptomeningeal origin has accumulated since the study 
of M. B. Schmitt in 1902 to such an extent that it is now doubtful 
whether any tumors arise from the pachymeninx. 'The proper interpre- 
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tadoQ of the peculiar structure aiid distribution of these tumors neces- 
sitates an intimate knowledge of the ORIGIN and STRUCTURE OF THE 
MENINGES. 

According to the classical description of embryologists the lepto- 
meninx, as well as the pachymeninx, arises from the loose tissue of the 
cephalic region of the embryo, the mesenchyme of which condenses to 
form two layers, the primordia of the two membranes. A cleft appears 



between them to form the subdural space. Later a clear fluid appears 
in the spaces of the leptomenix in the region of the fourth ventricle 
and gradually spreads, splitting this membrane incompletely into the 
arachnoid and pia mater and forming the subarachnoid space 002 ). 
We have already noted that the subdural space is merely potential, 
whereas the subarachnoid space is in some regions quite large and 
.contains a considerable quantity of fluid. The two membranes, in this 
view, have a unique origin but rfieir behavior ( in the healing of wounds. 
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in the formation of tumorSj etc) is so different that it has often been 
urged that the classical description of their formation must be incor- 
rect (246). 

In the embryo of the chick the origin of the mesenchyme can be 
traced clearly from a proliferation of cells at the junaion of entoderm 
and ectoderm along the primitive streak. This process is familiar to 
every medical student. Along the primitive streak also the eaoderra 
invaginates to form the neural tube. Then a second proliferadon of cells 
occurs on each side at the Junction of neural tube and ectoderm; it is 
called the neural crest. From it is formed the sympathedc nervous sys- 
tem, the neurilemma and the medulla of the adrenal gland, and in it 
has been sought the ori^n also of the leptomeninx. The experimental 
evidence has been disputed but there remains the otherwise inexplic- 
able fact that meningeal tumors ate often associated with tumors of the 
peripheral nerves in the pathological complex of generaliaed neuro- 
fibromatosis (von Recklinghausen’s disease) (466). The peripheral tu- 
mors arise from the neurilemma which is formed by the neural crest; 
their association with meningeal tumors would be easily understand- 
able if the leptomeninx were also of similar origin. 

We may confine our attention to the structure of the leptomeninx 
since, whatever may prove to be its origin, there can be no doubt that 
practically all meningeal tumors arise from it, It is composed of cells 
resembling chose of the conneaive tissues elsewhere in the body. Within 
the membrane they are elongated and form collagen, eiastin, fibroglia, 
and reclculin; they should, therefore, be classified as fibroblasts. On 
the outer surface of the arachnoid next the subdural space, lining the 
subarachnoid space, and on the inner surface of the pia mater next 
the nervous tissue, they arc flattened and resemble the cells lining the 
pleural or peritoneal cavities. In these situations they are better spoken 
of as mesothelial or perhaps meningothelial cells. The cells of the pki 
mater next the nervous tissue are sometimes distingtiished by the term 
intima piae matris. The subarachnoid space is traversed by bloodves- 
sels. The latter are covered by leptomeningeal cells which they carry 
with them when they plunge into the brain. Near the surface, espedally 
around the larger vessels, the two layers of the leptomeninx can be dis- 
tinguished and also the subarachnoid space forming the so-called pial 
funnel (Fig. 59). Deeper within the brain there is only a meshwork of 
loose connective tissue forming the perivascular sheaths, in the meshes 
of which may be found a few lymphocytes and clasmatocytes (307). In 
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pathological processes this meshwork is infiltrated by lymphocytes, dis- 
tended by hemorrhage or by edema to form the perivascular space (of 
Virchow-Robin). Around the smaller vessels one can find only a sheet 
of cytoplasm which contains rare elongated nuclei and winding fibrils 
of reticulin; it is called the perithelium. Around the capillaries the pres- 
ence of a leptomeningeal sheath is disputed. But certainly one finds 
there scattered stellate adventitial cells (of Rouget) . The leptomeninx 
therefore permeates the brain throughout. 

The intima piae matris is in dose contaa with the neuroglia. The 
neuroglial cells by means of their perivascular processes, which spread 



out on the surface of the intima piae matris, help to form between the 
connective tissue and the intersdtial tissue of the brain a barrier which 
is known as the pia-glia membrane. It is, generally speaking, imper- 
meable to cells coming from the bloodstream which may, however, 
circulate freely within the perivascular connective tissue. When the 
neuroglial cells die the connective tissue proliferates and a scar is 
formed. It is as if the pia-glia membrane normally held the connective 
tissue in check (425). 

But the leptomeninx does not penetrate inward only. Along the 
venous sinuses it perforates the dura mater in numerous small nipples 
and so is bathed directly by the venous blood (Fig. 60). These arach- 
noidal granulations (of Pacchioni), as they are called, may penetrate 
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entirely through the dura mater and erode the bone. Through the open- 
ings they have made the brain may herniate in cases of inaeased intra- 
cranial tension (^78). It is important to note that the arachnoidal granu- 
lations are composed largely of cells of the meningothelial type which 
form few or no intercellular substances. Along the surface of the arach- 
noidal membrane may often be found accumulations of such cells which 
have not penetrated into the dura mater. These cellular masses some- 
times undergo hyaline degeneration, become calcified ( 145 ) and even 
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adherent to the dura mater. It is composed of cells with abundant dense 
cytoplasm. The intercellular boundaries are often difficult to demon* 
strate. The nuclei are oval or elongated with often wrinkled membranes; 
the chromatin is scanty and colleaed along the membranes giving the 
nuclei a vesicular appearance. The neoplastic cells may form a more 
or less uniform sheet but usually are grouped in masses separated by 
connective tissue bearing the vascular supply. Within the masses tisually 
no intercellular substances can be found but ocasionally reticulin and. 



Fig. 61. Drawing of microscopical preparatioo of a typical meningeal 
tumor of psamiDomatom type. 


in degenerating areas, collagen is present. The cells of these masses 
are somewhat elongated and wound around each other to form whorls 
(Fig. 6l). The central cells of the whorls undergo a hyaline transforma- 
tion and then become calcified. They cause a gritty noise when the tumor 
is cut, hence their name of psammoma (sand-like) bodies. They are 
very characteristic of this type of meningeal tumor. The calcification may 
be followed by formation of actual bone resulting in an osteoma. This 
bone is of fibrous type not preceded by formation of cartilage. The 
psammoma bodies are usually formed by deposition of calcium-salts in 
the center of whorls of cells, as their laminated structure shows, but simi- 
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Jar deposits may occur within the hplinized walls of small bloodvessels. 
The endothelium of these vessels proliferates secondarily and undergoes 
a hyaline change, after which calcium-salts invade the lumen and the re- 
sulting calci£ed nodule is difficult to distinguish from those formed 
within the cellular whorls. Occasionally the cells of such a tumor are 
more elongated and form collagen so that the tumor may be spoken 
of as a fibtoblastoma, but the more common type is better called a men- 
ingothelioma. 

These rumors rarely invade the brain no matter how deeply they 
may indent it, but they do not always respect the overlying bone. In 
about 25 percent of cases the cranium is invaded (380) by the tumor 
and this outlet for its growth seems to reduce the pressure inward so 
that the tumors which have penetrated the bone are as a rule flatter. 
The meningothelioma penetrates the bone along the bloodvessels and 
may emerge on the outer surface, elevating the periosteum. The forma- 
tion of new bone is stimulated and the result is an osteoma above the 
site of the intracranial lesion. Rarely the cranium is eroded without the 
focmatioft of new bone. The meningotheliomatous tumors separate 
smoothly from the cerebral tissue but rarely a bulbous tumor will be 
found which has a ragged surface and microscopical study shows that 
the neoplastic cells are advancing into the nervous tissue. These rare 
tumors in my experience have been composed of a mass of capillaries, 
so that I have described them as angioblastic (48). They are very 
bloody and recuc rather rapidly after removal at operation. Although 
the meningotheliomatous type may invade the bones of the cranium and 
the angioblastic type may invade the brain, these tumors can hardly be 
spoken of as sarcomatous. They are essentially localized slowly grow- 
ing tumors which do not metastasize, although rarely more than one 
may develop in the same patient (281 ) . But other tumors develop from 
this same leptomeningeal tissue which we may justly call sarcomas 
(284). 


Tl\e tumors which we have just described occur on the surface of 
the brain, although they may indent it so deeply as to be almost hidden 
within Vs substance, yet we have seen that the leptomeningeal tissue 
permeates.the brain in every direaion. It is true that a tumor of men- 
ingothelial^pe may develop wholly within the brain, but such an oc- 
currence is exceedingly rare. Usually tumors of the perivascular lepto- 
meninx withiii\the brain develop in such a way as to form cuffs of cells 
around the vessels. Such a tumor is called a perithelioma (23) if it is 
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telatively benign and the neoplastic cells do not invade the brain but re- 
main confined within the pia-glia membrane. The term perithelioma has 
been much misused, even for tumors of the brain. In any malignant 
tumor a perithelial arrangement of the neoplastic cells may result from 
intervascular degeneration. It should, however, not be difficult to dis- 
tinguish those tumors in which degeneration has left only cuffs of viable 
cells from those in which the cuffs of cells are separated by cerebral 
tissue. Such perithelial tumors vary greatly in structure and malignancy. 



Fig. 62 . Drawing of microscopical preparation of a perithelioma. Granular layer 
of the cerebellum in upper left corner. 


At one extremity is found a sort of malformation in which the smaller 
bloodvessels of the cortex are surrounded by a few swollen roxmded 
cells (Fig. 62 ). These cells may continue our of the pial funnel and 
over the surface of the brain; they are then seen to be cells of the in- 
tima piae matris. Such an overgrowth is readily differentiated from a 
pathological infiltration of the perivascular sheath. In the latter case 
the intima piae matris may be distinguished as a straight line outside 
the infiltrating cells; in the former there is no pia-glia membrane apart 
from the hypertrophied cells. In other instances the perivascular lep- 
tomeninx forms cuffs which may be many cells in thickness. By study- 
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iiig the boundary next to the nervous tissue one may convince himsej/ 
that the tumor has not penetrated into the sheaths from the subarach' 
noid space even though the latter be also involved in the growth. Such 
tumors may develop at widely different places in the brain and no con- 
neaion between the fod be found. 

The cells of these tumors are peculiar. They are rounded, with con- 
siderable cytoplasm and spherical vesicular nuclei. They lie in a loose 
mass and form very little intercellular substance. As the growth ad- 



FlG. 63.13rawiag of a microsooptcal preparation of a sarcoma of the brain. 
Note the rings of leticulin around the vessels. 


vances it can be seen that the nervous tissue between is compressed and 
degenerates so that areas of tumor become confluent. The blood-supply 
of the tumor being inadequate because of the abnormal structure of its 
vessels an intervascular degeneration of the neoplasm may secondarily 
occur resulting again in a perithelial appearance. When the tumor is 
found in this last stage it is very readily confused with cellular rapidly 
growing gliomas in which a similar type of degeneration occurs. The 
differentiation tests on the structure of the neoplastic cells and on the 
arrangement of the reticulin (25) which, in the perivascular sarcomas, 
usually lies in concentric rings around the pessels (Fig. 63). In gliomas 
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the reticuUn radiates from the vessels and the cells of the connective 
tissue stroma are readily distinguished microscopically from the neoplas- 
tic cells. In the rare sarcoma in which the reticulin forms a diffuse net- 
work dividing the tumor into alveoli it is quite evident that the reticu- 
lin is laid down by the neoplastic cells themselves. 

Such neoplastic formations may be confined to the perivascular 
sheaths within the brain, but exaaly similar tumors develop in the 
leptomeninx over the surface of the brain without involvement of the 
perivascular tissues or more frequently both may be involved as was 
the case with the tumor I demonstrated to you. In either case it is usu- 
ally called a sarcomatosis of the meninges and is often confused with 
the diffuse infiltration of a malignant glioma called a medulloblastoma. 
The differentiation is easy in typical cases but may sometimes be very 
difficult because the medulloblastoma, when it invades the leptomeninx, 
provokes a considerable overgrowth of connective tissue. True sarcoma- 
tosis is predominantly a tumor of adults, whereas we will learn later 
(page 227) that the medulloblastoma is essentially a tumor of children. 
In the case of the glioma there is usually also the obvious primary tumor 
of the brain, while in sarcomatosis any considerable local tumor within 
the brain is usually lacking. The neoplastic ceils are quite different in 
the two tumors, llie cells of the medulloblastoma have very scanty 
cytoplasm and oval nuclei with abundant chromarin; the cells of the 
sarcoma are rounded, have abundant cytoplasm and vesicular, often 
crescentic, nuclei. The study of the bloodvessels penetrating the brain 
may aid in differentiation. In the case of the medulloblastoma the neo- 
plastic cells invade the perivascular sheaths, while in the sarcomatosis 
ffie perivascular sheaths are transformed into tumor (108). 

In discussing the scructufe of the leptomeninx 1 postponed mention 
of the presence of elongated cells filled with granules of melanin. They 
are found everywhere, even in the perivascular sheaths within the brain, 
but are most abundant around the medulla oblongata. 

It is generally supposed that there are within the body two kinds 
of melanin-bearing cells, the melanoblasts and the melanophores. The 
former make their own melanin while the latter obtain it by phagocy- 
tosis. The melanoblasts are distinguished by their reaction to diphenyla- 
lanine; they are said to be dopapositive. The reaction depends on the 
formation of a colored compound by the reagent and certain "premela- 
notic” substances within the cytoplasm (63). The melanophores lack 
these formative substances and so are dopanegative. The melanin-bear- 
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ing cells of the leptomeninx ate dopaMgative. Yet it is dilEcult to 
imagine the source of their melanin if they do not form it themselves. 
Perhaps in the early embryonic life they wUl be found dopapositive as in 
the case of the dopanegative melanotic cells of the choroidal coat of the 
eye. If so, their presence in the leptomeninx will constimte presumptive 
evidence in favor of an origin of the leptomeninx from the neural crest 
which, at least In lower vertebrates, contains melanotic cells in abuod* 
ance. 

Most of the MELANOTIC TUMORS OF THE BRAIN ate metastatic but 
sufficient cases are now on record to naake it fairly certain that a 
melanoblastoma may arise primarily in the leptomeninx of the brain 
or spinal cord (199). The microscopical appearance of such tumors is 
praaically identicil with that of a sarcomatosis; the cells seem peculiarly 
liable to an alveolar arrangement. Sintx these tumors are very rare I 
cannot show you a patienf, but I have here the record of such a case. 
It is not clinically remarkable; there is nothing typical in the symptoms 
of these tumors except perhaps the tendency to simulate a chronic men- 
ingitis. 

The patient (case xi) was a man of forty-six years. Having previ- 
ously bMn well, he began six months before admission to a hospital 
to have attacks of dizziness which increased in frequency and intensity 
until three months later he was obli^ to quit work. In the meantime 
he developed headaches which became excruciating. In the latter part 
of his illness he was irrational and unable to walk because of weak- 
ness and dizziness. 

When admitted to a hospital he was very weak and mentally dull. 
His neck was stiff. The tendon-rcffexes were everywhere feeble. There 
was a nystagmus of amblyopic type, the patient being very myopic. The 
fundi were not choked and contained no visible tumors. No other signs 
of organic lesion of the nervous system were found but he was unable 
to codperate for a proper examination as he was acutely ill. The pulse- 
rate was 78 and the temperature 97”. The pressure of the spinal fluid 
was very high, but was not measured accurately. The composition of the 
fluid was normal. It was examined for tubercle bacilli and none was 
found. Shortly after admission he developed a pneumonia and died. A 
complete examination was made, except for the spinal cord. 

Examination of the viscera revealed nothing of importance except 
bronchopneumonia. There were no pigmented tumors of the viscera. 
Over the skin no p/gmented moles and no areas of pigmentation were 
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seen. The important findings were intracranial. The surface of the cere- 
brum was smooth, the convolutions being flattened. Over the parietal 
region of the left cerebral hemisphere and over the frontal, opercular, 
and parietal regions of the right cerebral henaisphere were numerous 
small dark patches. These were numerous also in the interpeduncular 
region and around the pons and bulb. The nerves of the cerebellopontine 
angle seemed normal but just where the middle cerebellar peduncle dis- 
appears into the left hemisphere there was a black spot about a centi- 
meter in diameter. Seaion of this hemisphere disclosed a tumor evi- 



FlG. 64, Drawing of a nucroscopical preparation of xoclanoblastoma from Casb IX. 


dently extending along the middle peduncle toward the center of the 
cerebellum to a depth of more than three centimeters. This is surpris- 
ing because the hemisphere externally did not seem enlarged or dis- 
torted- The cut surface of the tumor was ragged and almost black; -it 
was fairly sharply circumscribed. The ventricles of the brain were 
dilated moderately; there were many cysts of the choroid plexuses of the 
lateral ventricles. Although it is unusual for such a large extension into 
the brain to occur in these cases there seemed no good reason from gross 
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The tumor is unquestionably a meianoblastoma arising in the lepro- 
meninx. 

It is difficult to distinguish the meianoblastoma from the other sar- 
comas of the leptomeninx except by the presence of melanin in the cells. 
They are most probably all essentially identical tumors. Melanosarcomas 
occur usually over the base of the brain {188) and spread widely in 
the leptomeninx (Fig. 65). They are easy to recognize by their gross 
appearance. There is no disdncdve symptomatology of intracranial sar- 
comas which would enable one to make a pathological diagnosis dur- 
ing life. While theoredcally possible to make by biopsy, or perhaps by 
the finding of neoplastic cells in the spinal fluid, it has never been made 
antemortem to my knowledge. When the tumor is fairly localized it 
may cause symptoms of a lesion of that part of the brain, usually, how- 
ever, the tumor is so diffuse that the only presumptive diagnosis pos- 
sible is intracranial tumor, unlocalizable. Many cases are suspected oj 
being tuberculous meningitis. 

There is no effeaivc therapy at present for these sarcomatous tu- 
mors. They are important mainly from the standpoint of theoretical 
pathology. Perhaps roentgen radiation might be helpful. The bxilbous 
encapsulated meningotheliomatous tumors, on the contrary, are often 
readily and completely removed. We will study them in more detail 
from the clinical point of view. 
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MENINGIOMAS. 

SYNDROMES OF THE CENTRAL REGION, THE OLFACTORY GROOVE, 
THE SPHENOIDAL WING, AND THE SELLAR TUBERCLE 

Of all the tumors of the meninges the most frequent and most im- 
portant to recognize clinically is the bulbous encapsulated type now 
generally spoken of as a meningioma. Since this nunor compresses the 
nervous tissue without invading it, removal is usually followed by prac- 
tically complete restoration of nervous function. This was first success- 
fully accomplished, to my knowledge, by the Italian surgeon Durante 
in 1884, and the most striking successes of neurological surgery still 
are those obtained by operations for these tumors. Their removal, how- 
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ever, is peculiarly hazardous and demands all she Icnowledge and re> 
sources of the surgeon for its successful accomplishment 

We have already noted the resemblance of the microscopical stmc- 
mre of meningiomas to that of the arachnoidal granulations. The prob- 



Fig. 67. Distribution of a series of meningiotnas over the surface of the 
menmges (after Cashing). 


ability that meningeal tumors arise from these bodies is inaeased by the 
demonstration that the distribution of these neoplasms within the intra- 
cranial cavity is approximately that of the arachnoidal granulations which 
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projea into the venous sinuses and lacunae of the dura mater. They are 
particularly numerous in the central region near the superior longitudi* 
nal sinus in the inner walls of the great parasagittal lacunae. Here they 
may be found as early as the third year of postnatal life and increase in 
number with age. In old age they spread laterally along the middle 
meningeal veins. They are fairly numerous also along the basilar sinuses 



(Fig. 66) especially over the cribriform plate, over the tuberculumsellae, 
along the sphenoidal and cavernous sinuses and the transverse sinuses 
on the cerel^llar surface near the torcular (104). Some are found in the 
fosamina of exit of the csanial nerves of postetioi fossa, wei the 
clivus, and along the sphenoparietal and straight sinuses. They tend to 
congregate in the regions where the cerebral veins open into the sinuses. 

The DISTRIBUTION OF MENINGIOMAS is very similar (125). Although 
occasionally such tumors may occur anywhere over the convexity or 
poles of the cerebrum, or along the falx cerebri, the vast majority are 
concentrated in the parasagittal central region (Fig. 67). From here 
they scatter down the course of the middle meningeal veins to a new 
concentration in the cribriform, tubercular and sphenoidal regions. A 
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few mote ate scattered along the transverse sinuses and neat the fora- 
mina of the cranial nerves. 

Although the meningiomas in these various localities have features 
in common the clinical syndromes which they cause are quite different 
and sufficiently distinctive to merit separate description. 'Ihey all agree 
in this, however, that they are tumors of adult life as shown by the 
chart of their age-distribution given in Fig. 6%. 

The PARASAGITTAI. region in the neighborhood of the great venous 
lacunae of the dura mater is a favorite sire of origin for mem'ngiomas. 
Pethaps one in every four will be found in this situation. It is, there- 
fore, important that the peculiar manifestations of this group be clearly 
understood. The usual meningeal tumor over the convexity of the hemi- 
spheres is a rounded mass varying in diameter according to the stage 
of its development. Its surface is smooth or only grossly nodular and 
sharply circumscribed, consisting of a dense sheet of colJagenic tissue. 
It is attached almost invariably to the dum mater over a greater or les- 
ser extent, sometimes of course to the wall of a dural sinus or lacuna. 
Rarely the tumor near its attachment to the dura matet may spread 
in a thin sheet for a short distance along the under surface. The tumor 
indents the surface of the cerebral hemisphere deeply, pushing the cere^ 
bral tissue before k, displacing the convolutions and altering their re- 
lationships (Fig. 69). Because the cerebrum is compressed gradually it 
has time to accommodate itself and herniates into every possible corner 
of the intracranial cavity, displacing the cerebrospinal fluid and oblit- 
erating the subarachnoid space. Even the great dural septa may give 
way to a certain extent but usually their edges cut deep grooves into 
the cerebral tissue and in this way cause misleading symptoms, the 
most frequent example of which is the production of a homolateral 
hemiparesis by pressure of the incisura tenmrii upon the contralateral 
cerebral peduncle {298). 

Into ffie surface of the tumor large veins and arteries enrar from 
the adjacent pia mater. The veins often open widely into die dural 
sinuses and the tumor is so intimately connected with them that its 
removal may be hazardous or impossible. The tumor may penetrate 
into or through the cranial vault so char its complete removal may neces- 
sitate removal of the overlying bone and subcutaneous tissues. Rarely 
the surface of such a tumor is ragged and separates with difficulty from 
the cerebral tissue; in these cases the tumor is found to be of angioblastic 
or sarcomatous type. 
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I have already remarked that these lar^ bulbous meningiomas are 
usually meningotheliomatous or psammomatous in type. Such a rumor 
has been removed from this man (CASE xri) of thirty-seven who was 
always well until four years ago when he had an attack of twitching 
of the right hand, arm, and face. He did not lose ronsciousness, the 
twitching lasted only a few moments and he forgot about it until it 
returned a month later. Similar attacks recurred with increasing fre- 
quency. Four months after the onset he began to limp a little with 



Fig. 69. Cross sectioa of bnia with meniogioma. in place. 


the right leg although there had never been any twitching of the leg; 
two months later for the first time the right leg also was involved in 
a sevtie attadc which began with an indesaihable sensation in his tight 
arm. A physician was called who pronounced it a "nervous break- 
down.” After this attack the tight atm continued to be very weak and 
felt numb; the right leg was also a little weak. Strength returned 
slowly so that within six months he could write with his right hand. 
But soon he lost consciousness for the first time in an attack, and con- 
tinued in this way with frequent convulsions for nearly a year. Up to 
this uoie he had been working as manager of a chain-store. He did his 
work well and there were no complaints. Bur now he lost ambition. 
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Two years ago he went to a veterans* hospital and was given luminal 
for the first time, with prompt suppression of the attacks for an en- 
tire year. But about six months ago he noticed for the first time diffi- 
culty in speaking. He understood what was said to him but could not 
find the proper answer. A month later he had a mild convulsion and 
continued to have them about once a month. His right arm and leg 
grew steadily weaker. He had difficulty in calculating, whereas formerly 
he was noted for his ability in mental arithmetic. Two years ago he 
noti<^ that his vision was hazy. Glasses were prescribed. Six months 
later the glasses were changed because of the same trouble. Lately the 
haziness was much worse. He never complained of headache and never 
vomited. 

Finally, last month, a new consultant to the hospital seems to hare 
been the first physician to suggest that he might have an intracranial 
neoplasm and sent him to this clinic When admined he seemed quite 
well. He was alert and cooperative. He stated that if the doctors did 
not quit asking him about his headache he would finally have one. There 
was a right spastic hemiplegia, the face and arm being much more 
involved than the leg. There was a complete astereognosis of the right 
hand. Tactile disaiminacion, tactile localization, sense of position, of 
passive motion, and vibramry sense were grossly disturb^ over the 
entire right side of the body, especially the hand. There was an agnosia 
of the fingers of the right hand. He had great difficulty in expressing 
his thoughts but understood well what was said to him and read well. 
He could not calculate. There was a right homonymous hemianopia 
with sparing of the maculae. The visual acuity of the right eye was 0.4 
and of the left 0.2. The right opdc disc was slightly blurred along the 
nasal margin but not swollen and apparently otherwise normal. Hie 
left disc was swollen about 2.5 diopters and its margins were completely 
obliterated; there were numerous dilated capillaries over this disc but 
no hemorrhages. Roentgenogram of the head revealed no pathological 
alteration of the cranium except some decaldfication of the sella turdca. 

The clinical impression was of an extensive benign tumor of the 
left cerebral hemisphere, probably a gliomatous cyst. A left osteoplastic 
exploration was made and after a struggle of five hours there was re- 
moved a meningeal tumor weighing 203 grams (Fig. 70). Only a 
small area of this tumor was visible on the surface of the brain just 
lateral to the sagittal sinus, possibly 2.5 cm. in diameter. The tumor 
lay almost entirely subcortically and was adherent to the falx cerebri 



162 


INTRACRANIAL TUMORS 


It was necessary to transect the cortex foe a distance of five centimeters 
anterior to and parallel with the precentral sulcus in order m deliver 
the growth. His right arm was totally paralyaed for several days and 
his speech reduced to a few words. His stereotyped reply to any ques- 
tion was "fine.” Gradually a few other words returned. It is now a month 
after operation. He has great difficulty in speaking and writing but un- 
derstands and reads well. But I do not want to insist now on his diffi- 
culty of speech. We will examine that at a later date. Today we will 



Fig. 70. Tumor removed from CasS xij. Natural si«. 


analyze his hemiplegia. First let U5 state that the sensory loss has been 
Urgely tegaitied. He reoagciizes lus fingers but has difficulty in, tecog- 
nizing objects in his right hand. Part of this trouble is caused by the 
spasticity and paralysis of his fingers which prevent him from manipu- 
lating objects placed in the hand. Taaile discrimination is fairly g^ 
and vibratory sense is present. Sense of position also has return^. The 
bemianopia has disappeared. 

The patient walks with the right lower limb held stiffly in extension. 
Because of the extension of the ankle the limb is too long and, sints 
the patient cannot in walking flex either the knee or ankle, the only 
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motion is at the hip so that he is obliged to swing the limb outward in 
bringing it forward, usually dragging the great toe on the floor. This 
b the usual gait of a spastic hemiplegic patient. We will now ask 
him to lie on hb back and examine hb reflexes. You will note that the 
right triceps, biceps, and radial reflexes are very brbk and there b a 
very marked and persbtent clonus of the wrbt The knee and ankle 
jerks on the paretic side are also much exaggerated; there b an extensor 
plantar reflex and a clonus of the ankle. 

The position of the limbs in thb patient b the classical position 
in a HEMIPLEGIA OF CEREBRAL ORIGIN. The shouldcr b slightly lifted; 
the arm b adduaed and rotated inward; the forearm b moderately 
flexed and ptonated; the wrbt b flexed; the thumb also and the fin- 
gers over it. In the lower limb the hip is adducted and slightly flexed, 
the knee extended and the ankle extended plantarward and slightly 
introverted; the great toe b strongly dorsoflexed. When we exam- 
ine hb limbs, and try to move them passively, we find that they are 
maintained in this position by powerful tonic contraction of the mus- 
cles, particularly of the trapezius, the peaoral muscles, the biceps, 
the pronators and the flexor muscles of the forearm and fingers. In 
the lower limb the spasticity affects especially the quadriceps femorb, 
the soleus in the leg, and the internal rotators of the foot. The muscles 
of the face, trunk, and pelvb are not contracted. 

It b difficult to form a true estimate in our patient of the volun- 
tary muscular power because the aaion of many of the muscles b hin- 
dered by the powerful tonic contraaion of their antagonbts. But in 
cases of recent hemiplegia from cerebral softem'ng there b often a 
period before the onset of spasticity when the true loss of voluntary 
power b mote easily determined. The paralysb in genera! b more 
marked in the periphery of the limbs and more profound in the upper 
than in the lower limb. In the upper extremity elevation of the shoul- 
der b feeble, adduction and external rotation are weak, internal rota- 
tion b little affeaed but abduction b impossible. Extension of the elbow 
is weaker than flexion and supination is impossible. In mild cases flex- 
ion of wrbt and fingers may persbt while extension b badly affected. 
In the lower extremity flexion and abduction of the hip are weakened. 
The posterior muscles of the thigh are more affected than the anterior. 
Dorsiflexion of the ankle b impossible but extension is remined. The 
external rotators of the foot are more affected than the internal rotators. 
In the lower limb the weakness seems least pronounced in those mus- 
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cles which later became most spastic; in the upper limb exceptions to 
this rule occur, notably the trapezius. 

In a hemiplegia the cranial nerves largely escape. Movements of 
the eyes are normal; the masticatory muscles are affeaed slightly if at 
all, and then only tcansitotUy, Ihe face U usually weakened only in its 
lower portion. The pharynx is normaL The tongue retains its motility 
and only deviates somewhat to the paralyzed side when it is pulled fat 
forward by the genioglossus muscle. Hie trapezius muscle is paralyzed 
but the sternocleidomastoid muscle escapes. The abdominal and dorsal 
muscles are also largely intact. 

If we now examine our patient we find that elevation of the right 
shoulder is weak. He cannot abdua the arm but can drag it feebly toward 
the chest. The elbow is flexed weakly but cannot be extended. He is un- 
able either to pronate or supinate the forearm, and cannot either flex or 
extend the fingers. The greatest degree of paralysis is in the distal part 
of the extremity as is commonly the case. TTie distribution of the paral- 
ysis seems, therefore, to be quite diflerent from that I have just desaibed 
as typical of the flaccid stage. The difference is more apparent than real, 
for paralysis of the forearm and band in this case is total and the exten- 
sion of the elbow and abduction of the arm are checked by the powerful 
spastic oontcaetton of the biceps and pectoral muscles. In the eight leg, 
where the spasticity is less, it is possible to demonstrate that the greater 
weakness is of the hamstring muscles, the dorsoSexors of the foot, and 
the extfovertors of the ankle. 

But although the patient is unable to contract voluntarily many of 
the muscles, and the aaion of others is greatly hindered by the spasticity 
of their antagonists, still reflex contractions of these muscles occur in 
what are known as associated movements (532). These can be readily 
demonstrated. When he grips forcibly my hand with his left hand you 
note that the right arm rises from the bed, is abducted, the elbow flexed 
and the wrist slightly flexed and snpinated. The movement was slow, 
began after a dfstincr latent period, and the position of the limb was 
maintained until the grip of the left hand was relaxed. The right leg 
did not move during this time, but the tight great toe was extended. 
If the lower extremity were more spastic it would also be extended at 
hip, knee, and ankle and the foot slightly introverted. In this reaction 
the fingers moved little but the patient himself has remarked that, al- 
though he is unable voluntarily to extend the fingers, when he yawns 
they extend completely. At the same time the atm is abducted and the’ 
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forearm flexed. When a patient with a slighter paresis voluntarily lifts 
his paretic arm with a great effort above his head the Bn^rs may also 
at times extend. 

We sought for these reactions with the patient in bed in the recum- 
bent position, the head being in the midline, the patient looking at 
the ceiling. They are practically constant for the same patient when 
sought for in the same position, but they may be varied in definite ways 
(493). For example if I turn this patient’s head now strongly to the 
right so that he faces the paretic side nothing happens to the limbs, 
but if he grips forcibly with his left hand the right arm is abducted as be- 
fore although the elbow is extended. With the head facing the sound side 
a prompt and complete flexion of the right elbow is obtained. In more 
favorable cases the mere forcible rotation of the head over to the paretic 
side may cause the paralyzed arm to be advanced and adducted, the 
forearm pronated, the wrist extended and the fingers tightly clenched. 
Similarly, rotating the face to the sound side may cause an exaggerated 
flexion of the paralyzed arm. The effect of these manipulations of the 
head and neck are not very evident on the jaretic leg. 

Another reaction shows clearly the importance of the other parts 
of the body on the position and reactions of the paralyzed arm (72). 
If this patient is made to bend forward, while I hold him by the hips, 
unul the extensor muscles of the hips and spine no longer support the 
weight of the trunk, the flexor position of the upper limb changes. It 
is moved coward a position perpendicular with the body, adducted and 
internally rotated, the forearm changing from flexion to rigid exten- 
sion. It is also increasingly pronated. The wrist and fingers remain 
flexed. This reaction is rare in my experience but in this patient it is 
very charaaeristic. 

Similar associated movements are more difficult to elict m the 
paretic lower extremity, partly because it is ordinarily less spastic, the 
spasticity seeming to be a necessary accompaniment of these associated 
movements. If a patient with a spastic leg is asked to flex his sound 
foot strongly against resistance the paralyzed one extends plantarward 
and the toes flex. Again if, with the patient in the sitting position, he 
is told to adduct his sound knee against resistance, the paretic knee 
adducts. Similarly it can be made to abduct. In our patient these reactions 
cannot be obtained- Other charaaeristic reaaions, however, are present 
in the lower extremities. We note that the patient cannot lift simul- 
taneously the two legs, although he can lift either alone. Although vol- 
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lintar/ dorsoQexion of the right foot is impossible, when the hip and 
knee are flexed the foot also is doisoSexed. Moreover, he is unable to 
flex the right hip without simultaneously flexing knee and ankle. The 
face does not participate in these associated reaaions. 

Hemipaiesis plays a large t61e in the symptomatology of intracranial 
tumors and it is necessary that the student ^ familiar with this symp- 
tom. It is evident that not all the muscles in one half of the body 
are paralyzed in a so-called hemiplegia and we have seen also that many 
of those which cannot be conttaaed voluntarily may be made to con- 
tract powerfully by reflex reaaions. The muscles are capable of con- 
tracung but the volitional mechanism for throwing them into action 
has been deranged. It has been amply demonstrated that an injury which 
causes this symptom always interrupts the great corticospinal projection- 
pathway in part or entirely. It is unquesdonabJy the medium of what 
we call voluntary muscular contraction. The powerful tonic involuntary 
contraaions of certain muscles and the associated reactions just de- 
saibed make it certain that there are other, so-called extrapyramidal, 
motor pathways to the muscles of the limbs. 

The details of the CORTICAL projection-system are not suffi- 
ciently known to enable us to explain the disuibutlon of paralysis in 
hemiplegia on the basis of anatomical connections. The fibers of this 
system arise from the middle pact of the cerebral hemisphere and none 
of them comes from the occipital lobe or angular gyrus nor from the 
anterior three-fourths of the frontal lobe. From the upper five-sixths of 
the anterior central gyrus the fibers pass through the posterior segment 
of the internal capsule, those of the upper extremity lying most pos- 
teriorly; most of them pass downward through the middle segments of 
the cerebral peduncle and through the bulbar pyramid to the inferior 
part of the bulb. Some of the fibers here curl around the inferior olnre 
and continue downward on the same side in the anterolateral part of 
the lateral column. These are called the homolateral pyramidal fibers. 
Others continue down into the ventral column of the same side. These 
form the dkea or uncrossed pyramidal traa. But a considerably larger 
portion of the fibers cross in the lower part of the medulla oblongata 
and continue down into the dorsal part of the lateral column of the 
opposite side, the indirea or aossed pyramidal traa. While the lateral 
CTOssed fibers go to both heterolateral extremities, the direa pyramidal 
traa ends in the dorsal region. 

The fibers from the posterior frontal region, especiaUy from the 
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posterior extremity of the superior and middle frontal convolutions, pass 
downward through the knee of the internal capsule and the internal 
fifth of the cerebral peduncle to end largely in the pontine nuclei of 
the same side. The fibers from the posterior part of the temporal Jobe, 
especially from the cortex of the middle and inferior temporal convolu- 
tions, pass downward in the sublenticular part of the internal capsule 
to go via the external fifth of the cerebral peduncle largely to the pon- 
tine nuclei of the same side. This is the temporopontine tract (of 
Tuerck) (cf. Fig. 29). In the middle part of the cerebral peduncle there 
must also be a certain number of fibers coming from the parietal cortex 
and destined also for the pontine nuclei. Their exact course is not well 
known. In addition to all these there are a great number of aberrant 
fibers arising from the operculum around the lateral fissure and destined 
for the intercalated system of the peduncle and bulb. Through them 
the motor nuclei of the cranial nerves are innervated. This whole sys- 
tem in the midbrain forms what is known as the pedunculus lemnisci, 
a continous line of fiber-fascicles which proceed from all parts of 
the cerebral peduncle to the medial lemniscus along the caudal pole of 
the substantia nigra (476). 

Probably in very few instances do any of these long projection- 
fibers come into relationship either with the motor nuclei of the bulb 
or of the spinal cord ditealy. Perhaps a few rare fibers teach directly the 
7th and 12th nuclei. The others must end upon intercalated neurons. 
The intercalated systems are certainly much more extensive in the bulb 
than they are in the spinal cord, but probably also in the cord the cor- 
ticospinal fibers end on intercalated neurones. This makes it impossible 
to demonstrate that the nuclei of certain muscles are connected in the 
bulb and spinal cord with the projection-system while others are not, 
for the degeneration of the interrupted fibers always stops short of the 
motor cells. We must suppose, however, that some nuclei are innervated 
from both cerebral hemispheres, otherwise it would be impossible to 
explain why the upper facial, masseter, lingual, palatal, and abdominal 
mtucles escape the voluntary paralysis. The paralysis of the lower ex- 
tremity is less profound probably because it functions much more auto- 
matically than the upper extremity and receives fewer voluntary fibers; 
we have noted that the direa pyramidal tract does not reach the lumbar 
enlargemenr of the spinal cord. 

Our patient then has a fairly typical spastic hemiplegia due to in- 
terruption of the corticospinal pathway. But the order of development 
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of the symptoms -was not the usual one occurring with a parasagittal 
meningioma. In this case the tumor was subcortical and involved the 
tract where it converged into the internal capsule. But meningiomas 
usually develop from the arachnoidal granulations in or near the para- 
sagittal lacunae as we have seen. The tumor then presses first on the 
cortical area for the foot so that the epileptic attacks, later the paralysis, 
begin in the foot, subsequently involve the leg, then the arm, and finally 
the face. Such a courie of events is very characteristic of a meningioma 
and is rarely caused by any other type of tumor. 

The epileptic attacks beginning in the contralateral foot and gradu- 
ally involving the leg, then the arm, and the face, at first without loss 
of consciousness, later with loss of consciousness, and the hemiparesis 
beginning with weakness in the foot, transitory at first following the 
attack but later permanent, are readily explained from what we have 
already learned of the structure and function of the central region of 
the brain. 

If the tumor arises primarily behind the anterior central gyrus the 
epileptic attacks may not be of the typical kind described. The attack 
may be initiated by an abnormal sensation in the opposite side of the 
body, primarily in the foot, and muscular movements.develop later, if 
at all. This preliminary abnormal sensation, or aura as it is called, 
consists usually of a tingling, burning or numb feeling in a certain 
localized region of the body (in this case the foot) which gradually 
spreads to adjacent parts of the same side, followed by muscular move- 
ments and loss of consciousness In severe attacks. When the tumor lies 
still farther back along the sagittal sinus, or forward in the precentral 
region, the attacks differ again in character and are apt to be generalized 
from the beginning or initiated by a turning of the eyes and head to the 
opposite side with torsion movements of the extremities. 

Sooner or later, depending upon the exaa relationship of the tumor 
to the central sulcus, loss of sensation is also noticed on the opposite 
side of the body. This loss predominates first in the lower extremity and 
involves the proprioceptive to a greater extent than cutaneous sensi- 
bility. The sense sf position and vibratory sensibility are lost early in 
the lower extremity.^articularlyin the foot and leg, also taaile localiza- 
tion. Rarely there mav be considerable atrophy of the musculature of 
the opposite half of tne body with a tumor lying far back in the 
parietal region (439). ^hen the tumor lies anterior to the anterior 
central gynu there is oftenNdded another symptom which is known as 
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forced grasping and groping. (1). If an object is placed in the patient’s 
hand it is firmly grasped. An attempt to remove the object only causes 
the patient to grasp it snore firmly and he has considerable difficulty in 
voluntarily relaxing his grasp. All of these symptoms may appear, and 
usually do appear, before there is any evidence of increased intracranial 
tension. By the time headaches and vomiting and choking of the optic 
discs have appeared the tumor has reached a tremendous si 2 e. 

Objective external evidence of the presence of a tumor may be vis- 
ible. It is often possible to see riiat the extracranial bloodvessels are 
greatly dilated and tortuous. Moreover a tumefaction of the skull may 
be seen. (Fig. 73). This area may or may not be tender to pressure, is 
smooth and rounded, ordinarily quite firm and hard throughout, al- 
though in rare instances the center of the elevation may be softened. The 
patient may be quite oblivious of this protuberance, or his attention may 
early have been called to it by the fact that it was sensitive when he 
washed his head or combed his hair. Sometimes the patient’s attention 
is attraaed to it fay a blow on the head which, if it lands in this particular 
region, produces an exaggerated effea and a more or less lasting sore- 
ness. 

These tumors in the early stages must be diagnosed from all other 
conditions which cause focal epilepsy. Since they occur usually in 
middle age the diagnosis is to be made from syphilis of the brain, 
vascular lesions, or the common type of glioma which we will describe 
later under the name of glioblastoma multiforme. Focal epileptic at- 
tacks may occur in cases of gumma but these lesions are now, since lues 
is so thoroughly treated, quire rare. A gumma may usiialJy be differen- 
tiated, of course, by other concomitant signs of lues and by the sero- 
logiml reactions, in case there is no history of luetic infection. Arterio- 
sclerotic lesions are usually accompanied by the acute symptoms of a 
vascular insult, namely sudden headache and transitory loss of conscious- 
ness. Symptoms come on therefore suddenly and tend to improve, where- 
as in case of a meningeal tumor the symptoms are slowly progressive. 
Symptoms of cardiovascular disturbance may also aid in making the 
differentiadon. It should not be forgotten that the patient may hare lues 
or arteriosclerosis of the cerebral vessels, or both, and also have a men- 
ingeal tumor. 

The positive diagnosis of meningeal tumors is made on the basis 
of the characteristic slow progression of the symptoms plus the local 
alterations in the ctamum. These alterations may be palpable or they 
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may be demonstiated only by means of the x-rays (452) . In the latter 
case one sees both erosion and formation of bone. The erosion is a local- 
ized thinning which is ircegulac in outline and spongy. The bone on the 
other hand may be thickened and either denser or lighter than the sur- 
rounding cranium. On the surface of the bones of the cranial vault may 
appear perpendicular spicules (Fig. 71). Rarely the bone may be ebur- 
nated like an osteoma. The typical change, however, is a mixture of 
rarefaction and proliferation of bone, doubtless due to the faa that the 




Fig. 71. Schemes from two roentgenograou of the parasagittal tegiou. A — erosion 
by parasagittal lacunae; B— erosion, thickening, and formation of spicules by a 
meningioma. Compare Plate v, 

tumor penetrates into the Havetsian canals, stimulating the formation 
of bone which it later destroys. As it penetrates through the outer table 
of the skull the periosteum is elevated and forms bone between the ad- 
vancing columns of neoplastic cells. There is often visible also in the 
neighborhood of the tumor a great dilatation of the vascular markings 
of the skull. The middle meningeal aneries and veins, more particularly 
the veins, on this side are larger; diploic channels are enlarged. The de- 
pressions formed by the venous lacunae are exaggerated and the emis- 
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sary vessels are also enlarged. This enlargement of the diploe means 
very little unless it occurs in the ama toward which symptoms point, 
is not present on the opposite side, and there is no general dilatation 
of the diploic channels (184). One should be careful also not to mis- 
take the depressions in the inner table of the cranial vault caused by the 
venous lacunae for the erosion of a tumor. 

Meningiomas arising from the tuberculum sellae are rare 
but cause a characteristic syndrome so that they deserve special notice. 
This patient (case xiii) is a woman of forty-two years. She has had 
uniformly good health all of her life, except for a tendency to headaches. 
Six years ago she first noticed some trouble with vision, but it was not 
until later that she was sufficiently troubled to consult an oculist, who 
prescribed glasses. From this time the failure was more rapid, and the 
vision On the right had become greatly impaired. Under the impression 
that she was suffering from the effects of some toxic process, a lumbar 
puncture was made, and finally an operation on the gallbladder was 
advised. This was refused, and she was put on a diet. Later she took 
a "cure" at Hot Springs. Subjectively a bitemporal loss of vision was 
appreciated. 

When examined in another clinic five years ago she was found to 
be a well-nourished woman with wholly negative physical and neuro- 
logical findings apan from the eyes. The optic discs had a marked 
pallor of atrophy. There was a typical and fairly symmetrical bitemporal 
hemianopia though vision was most affected in the left eye, the acuity 
being only lO/lOO compared to 10/70 on the right where there was 
greater constriction of the field. The olfaaory sense was unimpaired. 
The Sella turcica was essentially normal in sixe, shape, and position. 
There were no secondary hypophysial symptoms. The basal metabolic 
rate was — 3 percent. A diagnosis of probable suprasellar meningioma 
was made and under local anesthesia a frontal osteoplastic operation 
disclosed a nodulax tumor about 2 cm. in diameter in front of the optic 
chiasm. The tumor was readily exposed, and its anterior portion was 
excavated until its attachment to the tuberculum sellae was freed. Fi- 
nally, the loosened posterior shell of the growth was lifted out in its 
entirety. The fragments of tumor weighed 13 grams. Sections showed 
the tumor to be a typical meningioma. 

Within three days the patient was <x>nscious of distinct improvement 
in her sight with perception of objects in both of the previously blind 
temporal fields. Improvement was continuous so that a monA later 
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the visual fields were considerably expanded. It is now four years and 
eight months since her operation. She has grown somewhat stouter but 
is otherwise quite well. Visual acuity in the right eye is 0.8 and in the 
left eye 1.0 — 2. There are still some relative scotomas in the right lower 
quadrant of the right eye and an irregular defea in the right lower 
quadrant of the left visual field, but her vision has continued steadily 
to improve and there is no reason to suppose that there is any recurrence 
of the growth. 



Fic. 72. Median section of ibe head with a meningioma of 
the niberculom sellae in place. 


Suprasellar meningiomas have been examined postmortem in all 
stages of development. The tumor unquestionably arises from the region 
of the tuberculum sellae, and expands upward, lifting the optic chaism 
upward and backward (Fig. 72). As it increases in siae the optic nerves 
are separated and stretched. With still further increase the olfactory 
bulbs are compressed and the tumor pushes backward and over the 
sella turcica and upward inro the hypothalamus and base of the frontal 
lobes. The tumor has a rounded dome. Its surface is knobby like that 
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of a ^jfbalL It is usually relatively avascular but may involve in its 
growth the cavernous sinus, the anterior cerebral arteries, the ophthal- 
mic, or even the internal carotid arteries, so that when it teaches a certain 
size its complete removal may be hazardous or even impossible. 

This patient came to operation in a favorable stage of the develop- 
ment of her symptoms. When the tumor is small the only symptom is 
the bitemporal hemianopia which is rarely symmetrical as in the case 
of a hypophysial adenoma. As the pressure on the optic nerves increases 
the optic atrophy may increase to complete blindness; usually, however, 
one nerve resists for many years. As the tumor increases in size also 
an anosmia is likely to be added to the symptoms and some slight altera- 
tion of the sella turcica occurs — a deficiency of the anterior clinoid 
processes or a flattening of the sella as a whole. When the tumor has 
reached a considerable size there may be marked mental deterioration, 
suffident to cause internraenc in an asylum. Rarely there may be a slight 
hemiparesis, uncinate seizures, polyuria, amenorrhea, frontal or bitem- 
poral pain, or oculomotor palsy from pressxire on adjacent nervous struc- 
tures. Even in the terminal stages of the tumor the symptoms of general 
increased intracranial pressure are absent. 

The diagnosis of a meningioma of the tuberculum sellae is made 
when a middle-aged patient develops a bitemporal defect of the visual 
fields and primary optic atrophy, if the sella turdca is normal and there 
are no signs of involvement of the hypophysis or hypothalamus (I43). 
This diagnosis may be erroneous; the syndrome may be produced by 
either an adenoma or craniopharyngioma, but rarely. Ordinarily an ade- 
noma will cause, as we have learned, a ballooning of the sella along 
with the bitemporal defea in the visual fields and symptoms of hypo- 
physial defidency. In only very tare instances will a hypophysial ade- 
noma rupture the diaphragm early and cause purely a bitemporal visual 
defect. The craniopharyngioma will cause difficulty in diagnosis only 
in adults. Often with these tumors there is little change in the sella 
nirdca, but the suprasellar caldficacion, the choking of the optic discs, 
the adiposity, poljruria, or other hypothalamic or hypophysial symptoms 
usually suffice to establish the correct diagnosis. The glioma of the optic 
chiasm should rarely confuse. It is a tumor of children or young adults. 
There is almost never a bitemporal defect of the visual fields. Dilatation 
of the optic foramina will often establish the correct diagnosis. The 
appearance of the optic discs also is rarely that of a pure primary optic 
atrophy. In rare instances a local chronic arachnoiditis has possibly 
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caused a similar clmical condition ( 112 ). 

The meningiomas of the tuberculum sellae in all probability arise 
from arachnoidal granulations in the anterior communicating branch 
of the cavernous sinus. Similar tumors may arise from any part of this 
sinus and, when posteriorly situated, may cause early involvement of 
the trigeminal nerve with a resulting neuralgia in the face (204) but 
most commonly these tumors seem to arise along the lesser wing of the 
sphenoidal bone. Here they give rise to a fairly characteristic syndrome 
OF THE SPHENOIDAL RIDGE whtch the following patient has fully devel- 




Fig. 73. Patients with memogiomas. At left Case Xiv with uniJateral exoph- 
thalmos ; at the right, patient with a parasagittal exostosis 

oped. It was such a meningioma doubtless which Durante removed in 
1884. 

The patient (case xiv) is a housewife forty years of age, previously 
well, who noticed twenty months before her admission to this clinic 
that her eyes tired when she read or sewed for any length of time. Shortly 
afterward she found that the difficulty was with the right eye and that 
if she kept the left one closed her vision was blurred. About the same 
time a friend remarked that the right eye was more prominent than 
the other ( Fig. 73 ) . The eye was never painful nor was there ever any 
headache. The right eye gradually became more prominent. She is a 
very healthy and robust woman. When admitted to the hospital the 
only abnormality found concerned the right eye. There was a very 
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pronounced right exophthalmos; right 20, left 13. The vision in this 
eye was reduced ro 0.5 — 2. The external ocular movements were normal 
and so were the reactions of the pupil. The fundus oculi was normal. 
The visual field was generally contraaed. Nothing could be felt in the 
orbit. The right temporal region seemed fuller than the left. Roent- 
genogram revealed on the right side thickening and increased density of 
the sphenoidal wings, the lateral wall and part of the roof of the orbit 
and both borders of the superior orbital fissure almost to the optic fora- 
men (Fig. 74). 
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was then opened and a mass of tumor about 3 cm. in diameter and 2 
cm. in thiciteess was found, just back of the superior orbital fissure, in* 
denting the tip of the temporal lobe. It was removed with the attached 
dura mater. A week later a rounded mass about 2 cm. in diameter was 


removed from the orbit through the same incision. Except for massive 
edema of the orbital tissues and a paralysis of the right sb^ nerve there 
were no complications. It is now a month after operation. The paralysis 



MENINGIOMAS 


177 


As found at operation or necropsy (Fig. 75) these meningiomas of 
the sphenoidal ridge have a tendency to be flattened, cover a consider* 
able area of the internal surface of the skull and invade the bone actively, 
usually with a resultant densification visible in the roentgenogram 
(121). The tumor may erode the bone or penetrate it and appear in the 
orbital cavity or temporal fossa. When the tumor lies near the sella 
turcica the latter may be somewhat eroded- The olfactory nerve may be 
pressed upon or the homolateral optic nerve primarily involved- .With 
increasing size the eye-muscle nerves are invaded and even the trigeminal 
nerve. 

Most prominent among the symptoms is a unilateral exophthalmos 
which slowly develops over a period of years. The eye does not pulsate 
and is not painful fo pressure. It usually moves freely in every direc- 
tion but there may be palsies of the eye-muscle nerves. There is usually 
some edema of the eyelids and conjunctiva. Ordinarily there is no defea 
in the visual fields and the fundus oculi is unchanged. Late in the course 
of the disease some swelling of the opdc discs may occur. The other 
common symptom is a slight bulging of the temporal region on the 
side of the exophthalmos. This is sometimes due to a thickening of 
die bone in this region or rarely to the fact that the bone has been per- 
forated by the tumor which continues to grow in the temporal fossa. 
A homonymous notch in the visual fields may result, or undnate seizures, 
from compression of the temporal lobes. Finally the symptoms of in- 
creased intracranial pressure inevitably supervene. 

The diagnosis must be made from all other causes of unilateral 
exophthalmos. The faa that in cases of meningioma the protrusion de- 
velops very slowly and does not pulsate, of course rules out at once many 
causes of exophthalmos. Syphilis may cause a similar condition. I have 
twice seen a unilateral exophthalmos subside rapidly after antiluetic 
treatment. Tuberculosis and metastatic cardnoma are tare causes. Throm- 
bosis of the cavernous sinus or arteriovenous fistula cannot be con- 
fused because of their severe concomitant symptoms. The principal 
differentiation has to be made from tumors back of the eyeball. An 
otbito-ethmoidai osteoma causes a slowly developing exophthalmos 
accompanied by persutent frontal headache, sometimes promberance of 
the brow, and displaces the eyeball downward and outward. The cor- 
responding eyeball resists attempts to displace it backward. The osteoma 
may be felfwith the finger or seen in the roentgenogram. Tumors 
of the optic nerve displace the eyeball axially. They usually begin in 
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youth. The eye becomes blind early with symptoms of optic neuritis 
followed by atrophy. The mobility of the eye remains good. Sarcoma 
in the orbit is common at any age, and arises in any relation to the 
eyeball. The eyeball is not only displaced forward but often pushed 
aside, especially outward, and its movement impeded. In the roentgeno- 
gram an erosion of the bony orbit may be visible. Angiomas in the 
orbit or in the retro-orbital region within the skull may cause unilateral 
exophthalmos which does not pulsate. The increased regional vascularity 
may indicate the correct diagnosis; it maeases with crying and straining. 
There is no bony erosion or thickening. As soon as a bruit develops 
the eyeball begins to pulsare. A muccxsle may develop from the frontal 
or ethmoidal sinuses. The only symptoms are exophthalmos and its 
attendant diplopia. Dermoids occasionally arise in the outer part of the 
orbit but rarely push the eyeball forward. The exophthalmos of 
xanthomatosis (^.51) occurs usually in children. 

A meningioma of the sphenoidal ridge does not always cause exoph- 
thalmos. I will show you now a more complicated case in which there 
were two large meningeal rumors, one on the sphenoidal ridge and 
anothec in the region of the ctibrifocm plate. This woman (case XV) 
of fifty-five has always been well except for an attack of jaundice for 
which cholecystectomy was done some years ago. She considered her- 
self well and was working steadily as a masseuse until six months be- 
fore admission, when she began to have headaches and pain in ahe back 
of the neck. Systematic questioning, however, elicits the impoAlnt fact 
that she has been blind in the left eye for "several years"; she cannot 
remember exactly how long. Glasses given her by various opticians 
did not help and the vision was gradually lost. At the age of about 
fifty she also lost her sense of smell. But ir was only in the last six 
months that she felt at all ill. She then began to have headaches, some- 
times in the frontal, again in the occipital region, at times accompanied 
by sharp pain in the nape of the neck. The headadies became increas- 
ingly frequent and in the last two months she became very drowsy, 
inattentive and untidy. Her memory was poor and her vision began to 
fail also in the right eye. 

She was very drowsy when admitted, It was difficult to keep her 
attention and her memory was obviously defective. She stated that she 
was very much ashamed to be so for^tful. The history was obtained 
mainly from her son. Her general physical condition seemed excellent. 
There was a complete anosmia. The left optic disc was white and sharply 
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outlined; this eye was totally blind. The right optic disc was red- 
dened and its outlines ha 2 y but there no measurable swelling. The 
left pupil did not react to light but r»cted consensually. There was a 
slight ptosis of the left upper eyelid. The movements of the ocular 
muscles were free. Visual acuity in the right eye was 0.3+1; the right 
visual field was generally constricted. There was possibly a slight exoph- 
thalmos of the left eye. There was a slight lower facial weakness. The 
left arm and leg were definitely weaker than the right and there was a 
tendency toward an extensor plantar reflex on the left side. The tendon 
reflexes were also more easily obtained on the left side. 

Roentgenogram of the skull revealed a thickening and increased 
density of the left wings of the sphenoid bone, surrounding the left 
optic canal. The lateral wall and lateral part of the roof of the orbit 
were involved also and the left anterior cHnoid process was tremend- 
ously enlarged. Tests for lues were negative on the blood and spinal 
fluid. A diagnosis was made of merungeal tumor invading the sphenoid 
ridge on the left side. It was thought that the intracranial tumor must 
be of considerable size to explain the symptoms, particularly the 
anosmia. The homolatecal pyramidal signs could be explained by com- 
pression of the right cerebral peduncle against the tentorium cerebelli. 

A low temporofcontal osteoplastic exploration was made. The 
spongy and thickened bone was removed including the temporal region, 
the sphenoidal ridge, the lateral -^1 of the orbit, and the lateral 
parr of the roof of the orbit. The wound was then closed, and reopened 
a week later at which time the dura mater was opened. A flattened red- 
dish mass of tumor was found attached to the dura mater in the neigh- 
borhood of the superior orbital fissure. The left optic nerve was in- 
volved in a mass of bone infiltrated by tumor. There were also several 
other small nodules about half a centimeter in diameter scattered on 
the inner surface of the dura mater covering the frontal lobe. These 
were removed but seemed insuffident to account for the symptoms and 
the brain remained very tense. Exploration revealed a large tumor be- 
neath the frontal lobe. In order to expo^ it the prefrontal area was re- 
moved. The tumor was then taken out piecemeal. It filled the entire 
frontal fossa, and was attached firmly to the region of the cribriform 
plate. The falx cerebri was pushed over to the right and upward by the 
tumor which extended beyond the midline. The enormous cavity re- 
maining after the extirpation was filled with normal saline solution 
and the wound was closed. 



180 INTRACRANIAL TUMORS 

Her convalescence was stormy. There was a massive edema of the 
left e3relids and weakness of the right face and arm. For many days 
she was stuporous and later could not speak, although she understood 
apparently what was said to her. It is now a month after operation- 
Anosmia and blindness of the left eye remain but the vision of the right 
eye is good and she is alert and attentive. But the effea of the lesion 
of the frontal lobes is still apparent in a tendency to "wisecracking” and 
a certain loss of social poise. She tells, for example, in a boastful way 
and with evident relish, of several sexual contacts before her marriage 
and wants to know whether a venereal infection which she contracted 
at that time were not really responsible for her condition. The remnant 
of her difficulty of speech is slight but definite. Ordinary speech is Cor- 
rea but she is unable to repeat complicated phrases such as "National 
Hospital for Paralyzed and Epileptics." She always balks somewhere 
in repeating the national anthem although she can sing it and can tell 
when it is repeated correaly. For half an hour she tried to repeat “Land 
where my fathers died” pronouncing always "lied” no matter how she 
approached this line. 

Although there was also in this patient a meningioma of the sphe- 
noidal ridge the neurological symptoms were largely due to the tumor 
in the olfactory groove. The symptomatology of meningiomas of the 
OLFACTORY REGION IS well known (134). From the position of a men- 
ingioma of the cribriform region one might surmise that the symptoms 
would develop in the following order: ( 1 ) ipsilateral anosmia from 
direa involvement of the olfactory bulb; (2) ipsilateral primary optic 
atrophy by pressure on the optic nerve; (3) complete anosmia because 
of involvement of the contralateral olfactory bulb; (4) mental symp- 
toms from compression of the frontal lobes of the brain; and (5) con- 
tralateral papilledema due to increased imraaanial tension. Praaically, 
this chronological development is rarely observed. When the patients 
are first seen the disease is already far advanced. The anosmia is usually 
bilateral when first tested. In our cliimte nasal disorders are so com- 
mon that a relative anosmia is not rare. Its significance is often obscured 
also as the result of nasal operations direaed against the visual dis- 
turbances. Moreover, an anosmia may result from increased intracranial 
tension alone. It is a symptom to be weighed carefully in the light of 
the entire clinical picture. Only if it is definitely unilateral and there are 
no complicating intranasal factors is it a symptom of the greatest im- 
portance. 
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Typically the pressure on the ipsilateral optic nerve results in the 
clinical syndrome known as retrobull»r neuritis (296). At first there 
is no alteration to be seen in the opdc disc or at most a temporal pallor; 
exploration of the visual field discloses a central scotoma. Later the 
pallor spreads to the entire optic nerve-head and the atrophy may pro- 
cess to complete blindness. It is quite conceivable that in certain cases 
both optic nerves could be compressed, resulting in a bilateral primary 
atrophy, or that the direct compression of the optic nerve could occur 
after the establishment of a choked disc from intracranial hypertension, 
also that in other instances the tumor might never reach the nerve so 
that a bilateral choking would result. 

Mental symptoms are common, espedally in the later stages of the 
illness, and numerous records have been published in the annals of in- 
stitutions for the insane of patients afflicted with such tumors who have 
died there. The most common mental alteration seems to be a simple 
deterioration terminating in a profound dementia. More rarely there is 
euphoria contrasting strangely with the deplorable condition of the 
patient. Symptoms of intracranial tension are late to develop. Even the 
choking of the optic discs is due mote to local congestion than to general 
increase of pressure. I remember having seen one necropsy at which 
the convolutions of the frontal lobe were quite fierrened and the suld 
obliterated, whereas the surface of the rest of the brain appeared quite 
normal. 

The tumor is more or less bilaterally situated just behind the crista 
galli and, when large, projects backward over the sella turcica involving 
the optic nerves (Fig. 76) . It is firmly adherent to the aibriform region 
and may erode its way into the ethmoidal cells. The falx cerebri cuts a 
groove into its upper surface. The surface is covered with small nodules 
resembling those of a golfball. Its texture is usually very fibrous and 
avascular. 

The diagnosis is based largely on the charaaeristic triad of anosmia, 
optic atrophy, and mental disturbance, but should be suspected earlier 
whenever there is a slowly developing unilateral central scotoma. It is 
rarely possible to see in the roentgenogram any alteration of the subja- 
cent bone. Still more rarely some calcification in the tumor may be dis- 
closed. The mental symptoms are not characterisac, but their assocadon 
with obvious lesions of the olfactory and optic nerves should direct atten- 
tion to the local charaaer of the causidve agent. Confusion with retro- 
bulbar neufids of toxic oeigia should not occur in typical cases and, in 
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those whose ocular alterations ate bilateral and obscure, the associated 
anosmia should aid in the diagnosis. Gliomas of the frontal lobes of the 
brain rarely cause anosmia or opic atrophy. To do so they must be located 
on the orbital surface; in this situation they are infrequent. Glioma of the 
optic chiasm sometimes causes disturbances of vision which are difficult 
to interpret and might be confused with those due to meningioma of the 
olfactory groove, but the youth of the patient, the dilatation of the optic 
foramina, the hypothalamic symptoms, or an associated generalized 
neurofibromatosis generally suffice to differentiate the former. Oanio- 
pharyngiomas in adults may cause central scotomas and anosmia, leav- 


Fig. 76. Median section of the bead with meningioma of the cribrifonn 
tegloQ wbidi bas iuraded nasal carity. 

ing the sella turcica intaa or very slightly eroded. If suprasellar calcifi- 
cation be absent it may be very difficult to differentiate them from 
meningiomas of the olfactory groove. However, even in such cases 
the intensity of the hypophysial or hypothalamic symptoms will usually 
indirate the correa diagnosis. When a meningioma of the tuberculum 
sellae has reached a considerable size it may be difficult to differentiate, 
but of course so long as a bitemporal hemianopia exists confusion 
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should rot occur in spite of a possible anosmia. Because of the marked 
mental symptoms diagnoses such a senile dementia, senile arterio- 
sclerotic dementia, and taboparesis have been made. Such diagnoses 
have usually been arrived at when the patient came under observa- 
tion very late In the course of the disease; they would doubtless not 
have been made had the patients been observed earlier. 

Meningiomas in the subtentorial fossa are rare; arising from 
the clivus or from the torcular they are very difficult to diagnose. When 
they arise near the foramina of edc of the cranial nerves they cause 
charaaeristic early palsies. In the internal acoustic meatus they may 
be impossible to differentiate clinically from acoustic neurinomas. I 
may show you a single example of such a rumor which arose near the 
entrance of the fifth nerve into the cavum Mecklii (24) . In this situation 
they may explain many so<aned atypical trigeminal neuralgias. 

This woman (case xvi) of sixty-five years had been well until 
nineteen years ago when she began to have pain in the left side of 
the fece. She desaibed the attacks as "waves” of pain. They lasted 
thirty to sixty seconds. An injecdon of alcohol into the fifth nerve was 
attempted unsuccessfully. Eleven years later an attempt was made else- 
where to seaion the sensory toot by the temporal route, without suc- 
cess. This attempt was repeated two years later. Nxuuerous injections 
of alcohol were made in the suct^eding years with only partial success. 

When admitted to the 'hospital she was found to be a feeble old 
woman, almost totally deaf, and speaking almost no English. There 
was a large depression in the left temporal region. The left masseter 
and temporal muscles were paralyzed. The left palpebral fissure was 
narrow and there was a definite enophthalmos. It was very difficult to 
examine the patient because of her pain, to which she reacted as to a 
typical essential neuralgia. There was evidently some diminution of 
sensory acmty in the left tiigeminai area, the detidis of which could not 
be established. There was also generalized arteriosclerosis, moderate 
hypertension, and possibly an old coronary thrombosis, at any rate there 
was a history of anginal attacks. The old lady insisted that she be 
operated on, and it was finally decided to cut the nerve by the sub- 
occipital route, because the scars of previous temporal operations seemed 
to make success by that route improt«ble. 

Under ether-anesthesia the left subocdpital region was opened. On 
retracting the cerebellum the petrous vein was found to be much more 
superficial than usual. It was eloped and divided. The seventh and 
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the eighth nerves were rapidly identified, but in place of the fifth 
nerve a mass of grayish-red tissue was seen. This was gradually sep- 
arated from the petrous pyramid and finally shelled out completely. 
It was about 1.5 cm. in diameter and firm. The side of the pons was 
then clearly visible, but no fifth nerve was seen. The ooaing was 
checked by irrigation and the wound closed. That afternoon the patient 
had a chill and her temperacure rose to 39-5*. She then recovered 
steadily. There was a transimty left facial weakness. She was unsteady 
on her feet and very weak for a long time and has since been bothered 
by anginal attacks. Her pain is gone, however, and there is a total 
anesthesia of the left fifth nerve. It is now several months since the 
operation and the pain has not recurred. 

The only treatment for meningioma in any locality is removal 
as early as possible, but this is rarely easy to accomplish. The vas- 
cularity in the neighborhood may be extreme so that I have known the 
removal to be balked at nine suo^sstve attempts by the excessive 
bleeding. These tumors may moreover, as we have learned, arise in the 
neighborhood of the great venous siniies of the dura mater so that 
a complete removal necessitates entering these venous channels with 
resulting profuse hemorrhage. Ligation of the sinuses is difficult and 
one must be patticulaily careful not to ligate the superior longitudinal 
sinus back of the entrance of the superior cerebral veins coming from 
the central convolutions because a paraplegia may result. The sltuadon 
of the meningiomas of the olfactory region, sphenoidal tidge, and tu- 
betculum sellae make them particularly difficult to remove; special 
operative technique is necessary to deal with them (134). If not com- 
pletely removed the symptoms recur after an interval of months or 
years. But when a meningioma has been successfully removed the 
result is usually most gratifying. Sin<» the nervous structures are aim- 
pressed and not invaded by these tumors, their functions are merely ar- 
rested and rapidly recover. 
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TUMORS OF THE VASCULAR SYSTEM 

HEMANGIOBLASTOMA MALFORMATIONS 

In 1926 a young Swedish pathologist, Arvid Lindau, was studying 
cysts of the cerebellum. He noted that some of them had in their walls 
hemangiomatous nodules instead of the gliomatous tissue he had ex- 
pected. In scrutiniaing the records of the latter cases more closely he 
found that the hemangiomatous cysts were often associated with a 
disease of the retina known as angiomatosis retinae (von Hippel’s 
disease). A study of the cases of this retinal disease disclosed that it 
was frequently accompanied by symptoms of increased intracranial ten- 
sion and that in some instances a cyst of the cerebellum had actually 
been found at necropsy. Lindau immediately concluded that the two 
lesions were etiologically related and called the pathological complex 
angiomatosis of the central nervoxis system (521). It has since been 
referred to as Undat/s disease. Its discovery is a perfea example of the 
sort of clinicopathological reasoning which has led to the great syn- 
theses of medicine as we know them. I have seen only one example of 
the complete syndrome as described by Lindau, but the hemangio- 
matous tumor in the cerebellar fossa is relatively frequent. 

TWs man (case xvii) has such a tumor. He is forty years old, pre-. 
vfously well. A year and a half ago he was taken one day suddenly 
with a severe frontal headache. He has had a headache almost every 
day since, sometimes very severe, usually transitory in the morning. 
The Aeacfache was reirevecf 6y fying tfat on the iJoof; at its worse it was 
most severe in the frontal region. He was dizty and it seemed as though 
his head would bxitst. Three weeks previous to admission to the hospi- 
tal a turbinate bone was removed from his nose to relieve the head- 
ache. Tw'o days later he became suddenly faint and dizzy and lost con- 
sciousness for a few moments. Sints that time he could not sit upright 
without fainting. He noticed also that his tongue felt swollen and numb 
and that his speech vrzs indistinct. 

When admitted to the hospital he lay quietly with contracted brow, 
evidently in great pain. He would change his postion only with the 
185 
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Utmost preamuon. He would not move the head on the neck but held 
it rigid. The optic discs were swollen 5-6 diopters; the visual fields 
were normal. There was possibly a slight right facial weakness and a 
definite weakness of the left masseter muscle. The left corneal reSex 
was absent and slight objeaive sensory loss over the face could also 
be demonstrated. The lower jaw deviated to the left when opened. 
There were some slight nystagmoid movements of the eyes when he 
looked to the extreme right. TTiere was slight, if any, cerebellar inco- 
ordination of the extremities wldt the usual rests but it was difficult to 
examine his gait because when placed in the upright position he became 
dizzy and faint and had to be put back to bed. He stood with his legs 
far apart and tended to fall Inckward. 

He was thought to have a tumor in the fourth ventricle; the tri- 
geminal anesthesia could be explained by pressure on the spinal fifth 
traa and the vertigo by involvement of the vestibular nuclei. But many 
of the above mentioned signs, explicable in retrospect, were not very 
definite and he was so difficult to examine carefully that it was de- 
cided to puncture the ventricles before operaring. They were found to be 
symmetrically dilated. A suboccipital craniectomy was then made and 
there was disclosed, after removal of the posterior part of the atlas, a 
ted smooth-walled rumor filling the posterior cistern, pushing the ton- 
sils of the cerebellum aside and firmly attached to the dorsal surface of 
the bulb at the poster ior extremity of Ae fourth ventricle, large tortuous 
pulsating bloodvessels could be seen to surround and enter this mass. 
The removal of a fragment for microscopical study provoked a hemor- 
rhage which was controlled with difficulty. The wound was dosed with- 
out funher attempt to remove the growth. He was drowsy and lethargic 
for several days, complaining of headache and dizziness, and his optic 
discs remained swollen. But within a month he began to improve. He 
was given roentgen radiation over the subocdpital region which has been 
repeated at intervals since. "When discharged he was still unable to stand 
alone but had no headache. The papilledema had completely subsided. 
He returns now, two months after the operation, feeling quite well. He 
has had no dizzy spells and tto headaches. His gait is unsteady but he 
can walk alone, as you see. The weakness of the face and left masseter 
muscle has disappeared. The left corneal reflex is present. The optic 
discs are flat but there is some secondary atrophy. 

The ORIGIN OF THESE HEMANGIOBLASTOMAS IS from a vascular 
primordium at the posterior end of the fourth ventricle. In the angle 
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between cerebellum and bulb, in the third fetal month, there exists a 
very rich capilJary ple«is of bioodvessels which for the most part 
enter into the formation of the choroidal plexus in the roof of the 
fourth ventricle. A smaller portion forms a vascular tangle at the pos- 
terior extremity of the fourth ventricle known as the area postrema. 
Just in the situation of this latter vascular anlage was our tumor located. 
This is a very frequent site for such tumors although they may found 
over the lateral surfaces of the cerebellar hemispheres or in the spinal 
cord, where they may possibly arise in relation to similar vascular 
primordia. It is strange that a tumor which probably arises in a con- 
genital malformation should give symptoms only in adult life, the 



average age of onset of symptoms in these cases being about thirty to 
thirty-five years (Fig. 77), 

‘Ihe GROSS APPEARANCE of these tumors is well known (Fig. 78). 
Several have been described (154). They have varied in size from 1 cm. 
to 5 or 6 cm. in diameter. The tumor is mainly solid but usually contains 
numerous small cystic and hemorrhagic spaces. Its surface is very red 
from the contained blood and when injured at operation bleeds pro- 
fusely. The surface is irregularly nodular, and many large bloodvessels 
are closely adherent to it. It is attached firmly to the bulb but may be 
readily disseaed loose from the cerebellum. Less commonly such solid 
tumors may be embedded in the substance of the cerebellum, bulb, or 
spinal cord. Usually, however, within the nervous tissue they are as- 
sociated with the formation of a cyst (240). Gommonly the cystic cavity 
is many times the size of the tumor which appears as a reddish or brown- 
ish nodule projecting into the lumen of the tyst. The mural nodule 
may lie in any part of the wall but is usually situated posteriorly. It 
may even be buried completely in the wall and its presence be dis- 
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closed only by a discolored dimple { 421 ) . The mural tumor is almost 
always in the cortex cerebelli and conneaed with the pia mater. The 
cyst is usually filled with a yellowish or orange-colored fluid which 
coagulates on standing. Rarely the cystic fluid may be greenish-black 
from old hemorrhage. The cyst »s almost always in one hemisphere or 
the other; it rarely lies in the midline. The inner wall of the cavity is 
smooth and glistening. I can show you a patient who suffered from 
such a cyst. 



Fig. 78. Median seaion of the brain with hemangioblastoma of the calamus. 


A woman (case xviii) of thirty-seven years, previously well, began 
about a yeai before her admission to complain of periodic headaches, 
in the left occipital region, radiating to the top of the head. At first 
she could obtain relief from them by taking aspirin but eight months 
after the onset they became mote frequent and severe. She would scream 
with pain, stagger when attempting to walk and did not seem to know 
what was going on around her. She saw things double, became dis- 
oriented and finally comatose. 

When admitted to this dinic she was comatose with stertorous 
respiration and a bloodpressure of 174/108. An intravenous injealon 
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of 50 ccm. of 50 percent glucose rouMd her quickly. The bloodpressure 
fell to 108/80; she became very noisy and called for -water. Her neck 
was stiff; it was impossible to flex it anteriorly. The optic discs were 
swollen 5-6 diopters with numerous hemorrhages far out into the 
retinae. The right external rectus muscle was completely paralyzed, 
the left weak There was no nystagmus. There -was a general hypo- 
tonicity of all the muscles and the tendon-reflexes were difficult to 
obtain. She did not cooperate very well for cerebellar tests and we did 
not attempt to make her walk. The promptness with which she awoke 
after injection of glucose indicated that she might have a hydrocephalus. 
But there were no very definite signs of disturbance of the cerebellum. 
On the other hand the family stated that in the last year her character 
had changed greatly. She complained that some woman sticking 
knives into her head and conceived a bitter hatred of her husband. In 
the hospital she -was very noisy, vituperative, and uncooperative. We 
could not be sure whether the tumor was in the cerebellum or frontal 
region and so made an injeaion of air which showed the lateral ven- 
tricles to be symmetrically dilated. The third ventricle seemed normal. 

A suboccipital craniectomy was made. In the left cerebellar hemi- 
sphere was fbund a large cyst and within its lateral -wall a reddish, 
very vascular nodule about a centimeter in diamerer. Tbis was re- 
moved and proved to be a capillary hemangioma. Her condition im- 
proved immediately. The choking of the optic discs subsided and she 
is now quiet and codperative. The weakness of the left external rectus 
muscle has disappeared but not of the tight. Careful search of her 
retinae has not revealed any retinal angiomas, Cbreful inquiry of her 
family has not revealed illness of any other member which might 
be interpreted as indicating either an angiomatosis retinae or a ceie* 
bellat cyst. 

The method of formation of these cysts is uncertain. They may 
be formed by degeneration in the tumor, since small degenerative 
cysts ate common in the mural nodule. If so, the caviiy soon breaks 
out into the surroimding nervous tissue and is enlarged by transuda- 
tion from the bloodvessels. The cystic fluid resembles in chemical 
composition the plasma of the blood, and exerts constant pressure on 
the nervous tissue which slowly yields to form the cyst. 

The MICROSCOPICAL STRUCTURE of these tumors is quite character- 
istic (J39). They are composed esswitiaUy of a tangled mass of capil- 
lary spaces, which may be empty, but are usually filled with blood. The 
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cells are usually typical elongated endothelial cells with elongated vesic- 
ular nuclei and dense cytoplasm. They are surrounded by a network of 
strands of reticulin with some rollagen in sclerotic areas. Between the 
capillary tubes there is a certain number of endothelial cells, filled with 
droplets of fat, called pseudoxamhomatous (Fig. 79). The capillary 
spaces vary greatly in size; many form veritable caverns. Degenerative 
changes are widespread. Smaller or larger cystic spaces filled with a 
coagulum of protein are found. Fatty infiltration is universal. The walls 
of many capillaries are transformed into a byalinized mass. Hemorrba^ 



Fig. 79. Drawing of microscopical preparation of a hemangioblastoma. 


are frequent. Reparative processes result in the formation of collageoic 
scars. 

Many vaciatlons of the microsOTpical appearance are formed by 
predominance of different cellular elements. Typically the rumor is 
made up of a tangle of capillary spaces with very little intercellular 
tissue. However, occasionally the intervascular pseudoxamhomatous 
cells may proliferate to such an extent that the tumor resembles a 
hypernephroma or xanthoma. Rarely intervascular cells contain little 
fat; the tumor then has been diagnosed endothelioma. On the other 
hand the vascular spaces may be widely dilated so that they dominate 
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the structure and a cavernous appcarana is produced. These \afia* 
tions in structure seem to be of minor importance and may be found 
in different pans of the same tumor. The tumor has no capsule. The 
capillary loops seem to invade the c^ebellar tissue. The wall of the 
q-st is composed merely of a slight condensation of the neuroglia- 
The relationship of hemangioma of the cerebellum to angiomatosis 
retinae is definitely established 040). The essential lesion of the latter 
malady has been shown to be a capillary hemangioma. A few investiga- 
tors have stated that the tumors in their cases were vascular gliomas. 
Some of these tumors I have been able to examine and know them to 
be typical hemangioblastomas. Probably in every case of von Hippel's 
disease the primary lesion is a hemangioblastoma although later its na- 
ture may be obscured by secondary pathological alterations of the eye- 
ball such as proliferative retinitis, detachment of the retina or glaucoma. 
Not every hemangiomatous cyst of the arebellum can be shown to be 
associated with a hemangioma of the retina, but it must not be forgotten 
that the latter lesion may be discovered only by careful micfosoopfcal 
study. Even so it is ptobalsle that cither hemangioblastoma of the retina 
or hemangioblastoma of the cerebellum may occur alone, both being 
partial manifestations of a larger pathological complex. Their relation- 
ship probably is similar to that of aa)ustic neurinomas and peripheral 
neurofibromatosis in the pathological complex known as generalized 
neurofibromatosis. 

The essential and most common lesions of lindau’s disease are 
hemangioblastoma of the retina and of the cerebellum, so that Undau 
gave it the name of angiomatosis of the central nervous system. There 
are, however, other associated pathological alterations elsewhere in 
the body. Most common seem to be multiple cysts of the pancreas. Rarely 
there are found also cystic kidney, hypernephromas or tumors of the 
epididymis. It has been definitely established that the disease is heredi- 
tary; ft has been followed for three generations in two separate families 
and seems to depend on the simple dominant inheritance of a single 
faaor, not sex-bound (345). Very few examples of the complete syn- 
drome have been reported but doubtless now that attention has b^n 
attracted to the subjea they will be more frequently found. The reason 
for the association of these various pathological alterations is not clear 
but it is believed to be due to some disturbance of the development of 
the mesenchyme during the third fecal month of life. 

The SYMPTOMS of hemangiomatous cyst do not differ essentially 
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from those of any other tumor in the cerebellum. The diagnosis of 
hemangiomatous cyst of the cerebellum must be made principally from 
the acoustic neurinoma, the only common tumor in the subtentorial 
region of adults. The charaaeristic clinical course of the latter tumor 
usually enables one to recognize its character. Positive dimcal identi- 
fication of a hemangiomatous cyst depends upon the demonstration 
of an associated hemangioma of die retina (Pig. 80). The essential 
lesion of angiomatosis retinae appears as a reddish, rounded elevation 
usually in the periphery of the retina and often in its lower segment 
(140). It may be solitary ot aaompanied by others in various parts of 



Fig. 80. Hemangiomas of the recina: ibe one at the left is uncomplicated, the o 
on the is complicated by tetinitis and detachment of the retina 
(after Scarlett). 


the same or opposite retina. Extending from the optic disc to the heman- 
gbmatous nodule is a pair of large tortuous bloodvessels. It is difficult 
to distinguish the artery from the vein by its color, but the artery has 
often a peculiar beaded contour near the optic disc and in this region 
may be quite narrow. If more than one angioma exists other similar 
pairs of vessels will be seen. The retinal lesion is rarely observed in 
the above simple form. Its essential nature is usually obscured by a 
serondary tetinitis (G>ats) whkh may completely hide the hemangioouL 
Detachment of the retina, iridoc 3 rditis, glaucoma and other alterations 
may occur to make the diagnosis difficult. 

The TREATMENT of bemangiomatous cyst of the cerebellum is very 
satisfaCTory. It should not be forgotten, however, that simple evacuation 
of the cyst is not sufficient. If the mural hemangiomatous nodule is 
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not sought and removed the q?st will soon refill. The removal of 
the solid hemangiomas which are atcadied to the region of the calamus 
saiptorius is more hazardous. It may be attempted, but respiratory dif- 
ficulties are apt to occur, and if the tumor is not too large one should 
probably be content in most cases with a decompression and subsequent 
roentgen radiation. 

Tn addition to the hemangioendotheliomas of lindau’s type there 
occur in the brain so-called racemose angiomas which, although not 
properly angiomas, are yet called by this name and often cause clinical 
syndromes which ate with difficulty distinguished from those of true 
neoplasms. Vascular malformations of this nature in the brain are of 
three types — arterial, venous, and capillary (J39). It is known that 
multiple telangiectases in the skin and mucous membranes have a ten- 
dency to occur in families (365). In certain instances they have been 
associated with multiple telangiectases in the central nervous system 
and in other internal organs, particularly the liver. As many as thirty 
or more such lesions may be scattered about throughout the brain, spinal 
cord, and retina. Most often, however, these small vascular malforma- 
tions occur singly and have an especial predilection for the upper part 
of the pons. 

The capillary telangiectases of the central nervous system are small 
tangles of bloodvessels varying in diameter from a few millimeters 
to 2 or 3 centimeters. The bloodvessels also vary from the size of 
an ordinary capillary to huge cavernous spaces. In the latter case the 
lesion is usually described as a cavernoma. The walls of the vessels 
consist of a few strands of collagenic tissue, often hyalinized and some- 
times calcified; rarely is there any muscular coat. Between the vessels 
is a variable amount of sclerotic and degenerated cerebral tissue, es- 
pecially in the margin of the nodule; nearer the center, the walls of the 
vessels may be in contaa. A variable amount of hemosiderin is usu- 
ally found in the neighborhood. These telangiectases cause no charac- 
teristic symptoms and their presence can only be inferred from con- 
comitant telangiectatic lesions in the skin. 

Occasionally at operation or necropsy there are disclosed over the 
surface of the cerebral hemispheres venom malformations looking like 
tangles of coiled snakes. They may occur over any part of the hemis- 
phere but are most common in the distribution of the middle cerebral 
veins. The lesion appears to be superficial but experience has shown that 
it usually extends deeply into the cerebral substance, often reaching the 
ventricular wall. In the latter case them fe sometimes a central core of 
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smaller veins from which the larger ones radiate as in a caput medusae. 
At operation the vessels have the dark-blue color of veins and are often 
exce^ingly thin-walled. They pulsate as a mass with the brain, but no 
pulsation of their contents k visible unless there is an arteriovenous 
communication within the lesion. Such was the appearance of the cor- 
tex of this next patient. 

He is a young man (case xix) of thirty-five years, previously well 
except for an ichthyosis vulgaris, who was taken suddenly two years 
before his admission to the hospital with a sensation of tightem*ng and 
spasm in the right hand. It lasted but a few seconds, but similar at- 
tacks occurred every few weeks afterward, beginning always in the arm, 
whence the sensation crept up the arm and sometimes down the right 
side. Usually the right leg was not involved but he sometimes staggered 
as if drunk. During the anacks the right arm was fiexed and adducted 
and afterward he was always very sleepy. He never had any headache. 
He began to be very nervous and itritable, and an increasing weakness 
of the right arm and leg caused him to seek medical aid. 

When admitted to the hospital he seemed a sturdy, healthy man. 
There was an evident ichthyosis of the forearms and legs. There was 
a slight tremor of the head at rest. There was a definite blurring of 
the margins of the optic discs but no measurable elevation. Visual 
acuity and visual fields were normal. There seemed to be some diminu- 
tion of cutaneous sensibility over the right side of the face and dimin- 
ished acuity of hearing with the right ear, of middle-ear type although 
there was no history of otitis media and the right ear-drum was normal. 
There was a fine tremor of the outstretched hands. The tendon-reflexes 
on the right side of the body were ^nerally brisket, but there was no 
clonus at the ankle and the plantar reflex was normal. Muscular strength 
was definitely dinutiished on the tight side. The patient stuttered badly 
but insisted also that lately he had difficulty in remembering the names 
of objects. Qjraptehensbn of written and spoken language seemed 
normal. 

On the left side of the face was an extensive but pale reddish- 
violet telangieaasis (Fig. 81). All over the head, but loudest over the 
left temporal region, was to be heard a swishing noise synchronous with 
the beat of the heart. The heart itself was of normal size; the blood- 
pressure was 124/80. It seemed very probable that there was an an- 
giomatous malformation of the left cerebral cortex and an exploration 
was advised. 
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An osteoplastic operation was made in the left temporoparietal 
region. The scalp and bone bled profusely and as soon as the dura 
mater was opened there could be seen (Fig. 82) a large number of 
hugely dilated veins and arteries. One large vein more than three milh'- 
meters in diameter followed the course of the great anastomotic vein 
but all over the exposed cortex the vessels were greatly dilated. In 
the temporal and parietal regions were tangled masses of small ves- 




Fig. 81. Patients •with facial nevi and conromitant cerebral nevi. At 
the left. Case xdc ; at the right Case xx. 

sels and deep in the temporal region were more tortuous vessels which 
could not be exposed because they seemed to be adherent to the under 
surface of the dura mater. The veins did not pulsate individually but 
the whole cortex seemed to heave with each beat of the heart. The dura 
mater itself was extremely vascular in the temporal region. The wound 
was carefully closed and, contrary to the usual custom, drained. The 
patient recovered promptly. The decompressed area is soft and pulsates 
markedly. The bruit is still clearly audible in the left temporal region. 
A transitory aphasia has now disappeared. He is being given roentgen 
treatments at the present time and has had no epileptic attacks since 
his operation two weeks ago. He says that his right arm and leg have 
now recovered their strength. 
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The bloodvessels of these lesions have the microscopical structure 
of veins, but their walls ate very thin and often no muscular cells can 
be identified. In other regions leiomyomatous nodules are present and 
also nodular hypertrophy of the intima (82). There is no elastica in- 
terna. Hyaline degeneration of the vascular walls is frequent and oc- 
casionally calcification occurs. Some of the vessels are thrombosed. 
Hemorrhages are common. Between the vessels there are islands of 
sclerotic and compressed cerebral tissue, often calcified. 



Fig. 82. Appearance of the cerebral cortex at operation on CASE xix. 


The almost constant symptom of the venous angiomas is epilepsy 
which usually begins in young adult life and is often foral in type be- 
cause of the situation of the lesion. But the attacks may begin with a 
generalized convulsion and any type of aura occurs depending on the 
location of the angioma. There is rarely any choking of the optic discs 
but occasionally a imilateral exophthalmos and slight bulging of the 
corresponding temporal region. Still more rarely occur contralateral 
hemipareses of the type associated with birth-palsies. Some mental re- 
tardation is also not uncommon. 
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The diagnosis of venous angiomas is sometimes made easier by a 
concomitant congenital nevus of the face on the same side as the lesion, 
as in the patient I have just shown you; in these cases there is usually 
present also a vascular anomaly of the leptomeninx. In the absence of 
a tell-tale facial nevus the diagnosis may be aided by the calcification 
of the adjacent cortex'which casts parallel tortuous shadows on the 
roentgenogram. Such a roentgenogram I can show you. It was taken 
of this young girl (case xx) fifteen years of age who complains 
of attacks of unconsciousness. The first one occurred at the age of 
foiuteen and was soon succeeded by others. The last one occurred 



Fig. 83. Visual Belds from CASH xx. 


at the dinner-table. Her head turned to the left, her eyes rolled and 
she was unconscious for a moment or so. There seems to have been 
no other muscular movements. She was previously well but men- 
tally not very bright. Her brother remarked that she always had an 
"inferiority a>mplex.” She had an operation for strabismus when four 
or five years of age. As a child she had no "spells,” walked and talked 
at the normal time. There was nothing to suggest an injury at birth. 
She had never been seriously ill. 

She seems a normal girl for her age. Only the left eye does not 
converge well and the tight does not rotate outward well. The visual 
acuity is 0.5 — 1 in the right eye and 0,1 in the left. The optic discs are 
normal. In the visual fields, however, is found a homonymous defect in 
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the left lower quadrants (Fig. 83) and a roentgenogram of the skull 
discloses a shadow in the right occipital region with the parallel tortuous 
lines typical of the calcification associated with these lesions (Fig. 84), 
Over the right forehead is a large bluish^red nevus ( Fig. 81). 

Arterial malformations differ from the venous ones in the active 
pulsation of the individual coils of vessels. Sometimes in a large thin- 
walled vessel a stream of arterial blood may be seen to pour from an 



anastomosis. These lesions have obviously been always arterial or have 
become arterialized by formation of an artetbvenous fistula (.153)- 
The result of the fistula is the development of an intracranial bruit, 
rarely absent, and usually audible to the patient although he may be 
unaware of it until if is called to his attention. The bruit can be heard 
by auscultating the head with a stethoscope. It is usually loudest over 
the mastoid process and along the great vessels in the neck but should 
be listened for also over the temporal, supra-orbital, and ©capital ar- 
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teries. In one patient I could hear it plainly over one occipital arttry 
although it was inaudible to the patient himself and had been reported 
absent by a number of physicians. The bruit has a rythmic accentuation 
synchronous with the beat of the heart, and usually has a swishing 
sound, but in advanced cases there may be an almost continuous roar. 
It is usually reduced or obliterated by compression of one or both caro- 
tid arteries. 

The formation of an arteriovenous communication also results sooner 
or later in alterations of the extracranial vascularity. Large pulsat- 
ing vessels may develop in the scalp, originating in large emissary 
communications with the intraaanial cavity. The carotid arteries of 
one or both sides may be enlarged and pulsate exaggeratedly in the 
nedc. There may even be a secondary cardiac hypertrophy. Similar vas- 
cular alterations, of course, follow the establishment of an arteriovenous 
fistula anywhere in the body. In contrast to the venous angiomas some 
papilledema is rarely absent and usually most evident on the side of 
the lesion. Rarely the retinal bloodvessels may take part in the an- 
giomatous process. More frequent is a unilateral exophthalmos which 
rarely pulsates although the bruit may be plainly audible over the boJb 
of the eye. 

One of the most frequent symptoms, as of the venous angiomas, 
is epilepsy of focal type, ft is in no way specific and in those rare cases 
in which the angioma occurs over the cerebellum it may be absent. 
After the attacks there is often a transitory paralysis or other defect 
of nervous function, depending on the location of the lesion, such as 
transient aphasia or hemianopia. Headaches and vomiting rarely oc- 
cur. The clinical evolution of the lesion is usually terminated by an in- 
tracranial hemorrhage as in the following case. 

A young man (case XXI) thirty-nine years of age entered a hos- 
pital in deep coma with a temperature of 40”, a pulse-rate of 96 and 
bloodpressure of l40. His pupils were dilated and did not react to 
light. His urine was normal but a lumbar puncture obtained very bloody 
cerebrospinal fluid under high tension. A few hours later he died with- 
out regaining consciousness. The only history it was possible to obtain 
was that he had always been well until two weeks previously when he 
suddenly had a severe headache and lost consciousness for a few mo- 
ments. A few days later a similar atmck occurred and two days before 
admission to the hospital a third attadc from which he never recovered. 

A romplete examination was made postmortem which disclosed a 
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slight insufficiency of the mitral valve. The heart weighed 330 grams. 
There was a confluent pneumonia of both lungs but nothing else of 
importance was found outside of the brain. The brain can be seen to 
be rovered with blood, especially over the base. The subaradinoid space 
is everywhere filled with it. The left temporal lobe is distinctly larger 
than the right and a firm mass can be felt in its tip. The bloodvessels 
over this lobe are greatly dilated. Seaion of the brain shows the left 



Fig. 83. Cross section of the brain from Case xxi with venous angioma 
in the tip of the left temporal lobe. 


temporal lobe to be the seat of a tangled mass of bloodvessels 3 cm. 
in diameter (Fig. 85), and extending 4 cm. backward from its rip. The 
middle cerebral artery on this side is 4 mm. in diameter. The left optic 
thalamus is panially destroyed by hemorrhage which has brolan 
through into the left lateral ventricle. All the ventricles are filled with 
dotted blood. 

One must in these malformations distinguish the essential vascu- 
lar anomaly and the entering and draining bloodvessels (J53). It ** 
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quite possible in the patient which I showed you a while ago that on 
the cortex we saw only the veins draining a deeper-lying arteriovenous 
fistula which had caused the bruit. The entering artery, usually the 
middle arebral, is dilated, sometimes saamlated, and tortuous. The 
draining veins are hugely dilated and often very thin-walled (Fig. 86). 
They usually lie on the surface of the brain although in one instance, at 
least, the exit was through a markedly dilated great cerebral vein (of 
Galen) . The extent of the involvement of the veins seems to depend on 
the number and size of the vessels of the essential lesion and on the size 
and directness of the arteriovenous communication. 

When examined postmorten it is difficult to distinguish an arterio- 
venous angioma from a venous angioma since the actively motile charac- 
teristics of the former are lost. These anomalies usually lie in the area 
of the middle cerebral artery; less commonly the anterior cerebral is 
involved and rarely the cerebellar arteries. They are essentially super- 
ficial lesions since the ramifications of the cerebral arteries begin in 
the pia mater, but usually an entire vascular area is involved, both trunk 
and branches, so that the entire lesion has the shape of a cone, the base 
being on the surface and the apex reaching even the ventricular wall. 
Sometimes the vascular mass is supplied by more than one major artery. 

Microscopically the essential lesion is found to be a tangle of blood- 
vessels of varying caliber separated by more or less sclerotic and often 
calcified cerebral tissue. The walls of the vessels vary greatly in thickness 
and structure. Some can be recognized as arteries by the well-developed 
elastica interna. Others have only scattered strands of elastin throughout 
the wall. Very few vessels have a longitudinal muscular coat; in many 
there are no muscular cells, in others leiomyomatous nodules are found. 
The intima is often proliferated and transformed into fibrous tissue. In 
the same vessel the wall in one region may be very thick and in another 
consist of only a few strands of coUagenic tissue. Hyaline degeneration 
of the vascular walls is frequent and calcification is not rare. Many of 
the vessels are thrombosed and evidences of old hemorrhages are usu- 
ally present. Aneurysmal out-pocketing of the vessels is very frequent. 

The DIAGNOSIS of an arterial angioma is based on the combination 
of a cranial bruit and increased extracranial vascularity. A cranial bruit 
may occasionally be normally heard in infants. Contrary to the usual 
opinion it is rarely audible in cases of intracranial aneurysm, unless an 
arteriovenous fistula has been formed. Rarely a bruit may be heard over 
a vascular meningioma. In general, however, an intracranial bruit, es- 
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Fia 86. Diagrammatic represeotatioa of an arterial angioma with its chief enter* 
iog and draining vessels (from Cushing and Bailey). Compare Plate xiv. 
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pedalJy if concomitznt with epi]e|>tic attacks and diJatadon of the ex- 
tracranial bloodvessels, is indicative of an arterial angioma. The uni- 
lateral exophthalmos may make one suspect a meningioma of the sphe- 
noidal ridge, but the absence of erosion or thickening of the sphenoidal 
wings should correa this impression and the positive symptoms noted 
above lead to the correa diagnosis. In rare instances a preoperative 
diagnosis may be established from the roentgen examination, which 
discloses the charaaeristic parallel tortuous lines of calcifitation oc- 
curring with venoxis angiomas. If the fore^ing symptoms are absent 
the diagnosis may still be established by arteriography (cf. Plate Xiv). 

The ORIGIN OF THESE VASCULAR MALFORMATIONS is tO be SOUght 
in the young embryo where the angioblasrs differentiate directly from 
the mesenchyme, not only of the area vasculosa of the yolk-sac but 
also in the embryo itself i424)- They form first solid clumps of cells 
which unite into bands or cords and later plexuses. These cells have 
a different cytoplasm from the original mesenchymal cells, and tend 
to form solid masses which appear like a syncytium and to put out 
sprouts which join similar masses. In the interior of the cords and 
clumps of angioblasts a lumen appears by a process of cytolysis, the peri- 
pheral cells becoming less granular and flattening to form endothelium. 
The endothelial cells can give rise to other endothelium or angioblasts. 

The vascular plexus first forms around the forebrain and midbrain 
and by sprouting spreads over the wall of the entire brain. At first it 
is a germinal bed of endothelium but later it slowly differentiates into 
feeding and draining channels and a capillary bed (460). The capil- 
lary sheet hugs closely the surface of the brain while the more super- 
ficial parts of the plexus form larger channels. Intermediate loops of 
the plexus maintain the communication between the larger channels 
and the capillary bed. By differentiation of the meninges and skull the 
primitive vascular system is stratified into the three layers of superficial, 
dural, and pial vessels. The cleavage begins over the base and spreads 
upward to the vertex where it is long incomplete, and even in the adult 
the emissary vessels maintain the embryonic anastomoses. The cerebral 
system of bloodvessels later undergoes a long series of readjustments 
in which older channels are obstruaed and newer ones take their places 
as the form of the brain makes its remarkable transformations. Finally 
when the adult relationships are fairly well established the histologic^ 
changes occur which differentiate the vascular channels into adult ar- 
teries, veins, and capillaries. 
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Ic can be seen, therefore, that the vascular system adapts itself con* 
stantly to its changing environment and any disturbance of the orderly 
evolution of the structures of the head may result in anomalous develop- 
ment of the vascular system. On this basis it is easy to understand the 
formation of the ^^cuIar anomalies we have just described. In case an 
insult affects the vascular primordium before its cleavage into super- 
ficial, dural, and pial systems we can readily understand the simultaneous 
production of superimposed vascular anomalies of scalp, dura mater 
and pia mater as the abnormal vascular bed is cleft into three layers. 

The TREATMENT of racemose angiomas is not very satisfaaory. 
When one is disclosed at operation it would best be left strialy alone 
and later subjeaed to roentgen radiadon. If one is reasonably certain of 
the diagnosis such lesions may be radiated before a craniotomy is under- 
taken, sometimes with prompt amelioration of symptoms. In at least 
one case such radiation so reduced the vascularity that It was possible ac 
a secondary operation successfully to extirpate the central lesion. Rarely 
such a lesion may be removed by primar)’ attack ( 383 ) . 



Chapter 10 


TUMORS OF THE INTERSTITIAL TISSUES 

HISTOGENESIS CLASSIFICATION 

Ependymoma: Syndrome of the Fourth Ventricle 

TThe last deades of the nineteenth century were occupied with the 
detailed study of the structure of tumors, the separation and classifi- 
cation of the different forms, and with writing the life-history of malig- 
nant neoplasms. With the twentieth century began an era of experi- 
mental study by the aid of transplantation into animals, culture of tis- 
sue, and other methods looking toward the discovery of the cause of 
cancer. But it is usually true that any new method of attack on a prob- 
lem finds many disciples who abandon the older methods before they 
have given their full harvest. This was certainly true in the case of 
tumors of the brain. Until very recently practically all tumors of the 
brain were called gliomas. Virchow seems first in 1867 to have main- 
tained that they arise from the interstitial tissue of the brain. Golgi, in 
1875, demonstrated in them the character&nc star-shaped neuroglial 
cells of the white maner of the brain and distinguished soft and hard 
varieties. It was recognned that some were benign while others grew 
very rapidly. But the analysis did nor go far beyond these simple find- 
ings. The diagnosis was usually based on the demonstration of neurog- 
lial fibrils by the method of Weigert or one of its modifications. Because 
the neoplasric cells of the malignant ones are often spindle-shaped 
these tumors were somewhat confused with the spindle-celled tumors 
of the connective tissue and so came to be known as gliosarcomas. Later 
there was a tendency to liken the neoplastic cells to embryonic neurog- 
lial cells and the term spongioblastoma was used. 

In general the term glioma is not sufficiently inclusive to be ap- 
propriate for all tumors developing from the encephalon. An occasional 
sarcoma or hemangioendothelioma develops from the connective tis- 
sues of the brain. The papillomas are also encephalic tumors, develop- 
ing from the choroid plexuses of whidi the epithelium represents the 
entire thickness of the neural tube. Occasional tumors also contain 
neurones (medulloblastoma, ganglioneuroma) but they are usually 
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composed iiuinly of cells of interstitial origin so that they may be 
grouped with the gliomas without doing any great violence to their 
structure. I will, therefore, neglect the tarec tumors (cf. Quip. 17) and 
confine my attention to the tumors of the interstitial tissue, including 
some whi<^ may contain also neurones. A nomenclature and classifica- 
tion of these tumors has recently been elaborated (45) which brings 
some order into their myriad structural variations and enables one from 
the miaoscopical structure, in a cerrain measure, to predia the be- 
havior of the growth. This classification reposes upon the finding that 
in tumors of the brain the neoplastic cells Imve a tendency to reproduce 
the structure of certain embryonic forms found during the development 
of die central nervous system. Its understanding demands a knowledge 
of the MICROSCOPICAL STRUCTURE AND HISTOGENESISOFTHEBRAIN, 
especially since recently the normal microscopical structure of the brain 
has been better understood and new categories of cells isolated (51). 

There is no need to enter into details concerning the structure of 
the neurones. The appearance of the large motor cells in the anterior 
central region of the cerebral cortex and in the anterior horns of the 
spinal cord is very familiar. But it might be well to recall that many of 
the nervous cells are not of this pyramidal type. The sixth layer of the 
cerebral cortex is composed mainly of <xlls having a fusiform shape and 
in the granular layers are innumerable cells which have very little cyto- 
plasm at all and in which the tigroid substance is very scanty. All of 
these cells, however, may be recognized by their vesicular spherical 
nuclei in which the nucleoli are very prominent. But there are other 
cells, for example in the granular layer of the cerebellum, in which even 
the vesicular nucleus is lacking and whose nervous nature is recogniz- 
able only by the reaction of their unmyelinated processes to impregna- 
tion with silver. In the peripheral ganglia occur other neurones of much 
different structure from those of the hraJn. Jr should nor e:53eaed, 
therefore, that neurones in tumors will look like pyramidal cells. 

The interstitial cells (Fig. 87) are less well known since the re- 
cent advances in our knowledge of them have just begun to penetrate 
into textbooks. Two general groups are now recognized, known as the 
neuroglia and microglia. The neiuoglia is composed largely of the class- 
ical astrocytes of which there are two forms, the protoplasmic and the 
fibrillary. The fibrillary astrocytes are found mostly in the white sub- 
stance of the brain. They are typically star-shaped with very little cyto- 
plasm around the oval nuclei and many Jong branching processes. Fibrils 
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are differentiated in the processes and may be sharply and differentially 
stained. There is always one stouter process which is attached by a 
trumpet-shaped extremity to the wall of a bloodvessel. In the cytoplasm 
are also nxunerous fuchsinophile granules called gliosomes which are 
found far out along the processes. The process^ are narrow and their 
cytoplasm dense. The nuclei are oval with delicate and fairly evenly 
scattered granules of chromatin. The protoplasmic astrocytes are found 
mainly in the gray matter of the cortex. Their processes, although 



Fig. 87. Normal interstitial cells of the brain. A— oUgodendroglia; B— fibrillary 
astrocyte ; C — microglia ; D — protoplasmic astrocytes ( after Hortega ) . 

equally numerous, are thicker and more irregular. There is a stout vascu- 
lar process. No fibrils are differentiated but the peripheral cytoplasm 
stains somewhat more heavily. In both types of astrocytes are found 
gliosomes, a reticular apparatus (of Golgi) , and a centrosome usually 
in the form of a single large granule at the base of the vascular process. 
A rarer type is the perivascular neuroglial cell (of Andrieaen) of which 
the cell-lx)dy lies on the bloodvessel, a vascular process being absent. 

Besides the astrocytes two other types of cel/s have been recently 
isolated in the interstitial tissues, the oUgodendroglia and microglia 
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{51). Of these the former is closely allied to the astrocytes, while the 
latter seems to be of quite different nature. They were relatively disre- 
garded until recently because of the difficulty of staining their processes. 
The oligodendroglia arc small cells found principally along the long 
fiber tracts but occur also as penneuronal and perivascular satellites. 
They have more or less polygonal bodies, from the corners of which ex- 
tend delicate branched processes very difficult to demonstrate. They have 
gliosomes, rudimentary reticular apparatus, and centrosome mually in 
the form of a diplosome. Thece is no vascular process. Many forms may 
be seen which appear to be transitions to astrocytes. The nuclei are 
round, smaller than the nuclei of the astrocytes, and have a much heavier 
reuculum of chromatin. The microglia (of Hortega) differs widely 
from the astrocytes and ollgodendroglia. These cells have no gliosomes 
and no reticular apparatus, at least none has ever been demonstrated. 
The processes are covered with lateral spines. Usually two stouter proc- 
esses extend from the two poles of the nucleus. These cells are scattered 
widely over the central nervous system and behave quite differently 
from the neuroglia, becoming scavengers whenever there is any destruc- 
tive process going on. 

The earlier stages of the histogenesis of the brain are familiar to 
you from your courses in embryology. The central nervous system be- 
gins as an invagination along the ra«iian dorsal surface of the embryo, 
forming a medullary groove. The folds of this groove close to form 
a long tube called the medullary tube. From the dilated anterior end 
of the tube the brain differenuates. The derails of the finer histogene- 
sis have recently been supplemented by the results of new methods of 
impregnation {45). Ac first the medullary tube consists of a columnar 
epithelium, the medullary epithelium, but mitoses occur near the inner 
border, and these dividing cells are called germinal cells. They are 
the precursors certainly of the nervous cells of the brain. Their trans- 
formation may be followed in all its stages (Fig. 88). First there is 
an enlargement of the nucleus which becomes spherical and vesicular. 
The chiomatinic network largely disapyeare or at least is rarefied and 
one, or sometimes two, very distinct nucleoli become apparent. The cen- 
trosome is extruded to the periphery of the cytoplasm or disappears com- 
letely. The cytoplnsm at one or both opposite poles of the nucleus be- 
comes denser and develops an affinity for silver. At this stage the cell is 
already recognizable as a neuroblast and, since it has no processes, is 
called an apolar neuroblast. From the denser area of the cytoplasm — 
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the fibtillogenous or argentophilic tone (of Held) — a process arises 
which beoimes the axis-cylinder. At this stage the cell is called a unipolar 
neuroblast and by the development of other processes destined to be 
dendrites it beosmes a bipolar or multipolar neuroblast. Finally with 
the accumulation in its cytoplasm of the tigroid substance and the forma- 
tion of a myelin-sheath around the axis-cylinder it is transformed into 
an adult neurone. 

By the proliferation of the neuroblasts and other cells between 



Fig. 88. Sebme of evolution of the getmioal cells. HM — mteinal limiting mem- 
bxaae of the brain; ELM — external limitiog membrane of the brain. 1 — ^germinal 
cell; 2 — apolar neuroblast; 3 — bipolar neuroblast; 4— unipolar neuroblast; 5— 
multipolar neuroblast; 6 — meduUoblast; 7 — unipolar spongioblast; 8— olig^en- 
dtoblast ; 9 — oligodeodroglia. 

them, the remaining cells of the medullary epithelium become separated 
and elongated. At their inner, or ventricular, ends they develop cilia 
with a small granule called a blepharoplast at die base of each. In 
diis stage they are known as primitive spongioblasts. Some of them 
continue on into adult life with little modification, for example in the 
ventral raph6 of the spinal cord. Elsewhere, with the increasing distance 
between the ventricular and pial surfaces the connection with the pia 
mater is lost. The cilia also disappear, except in a few places such as 
the floor of the fourth ventricle, and the blepharoplasts migrate into 
the interior of the cytoplasm. The wJIs are then called ependymal 
spongioblasts. Many of Ae ordinary ependymal cells lining the ventri- 
cles of the brain have entirely lost their pial processes. Such is the evolu- 
rion of those pseudo-epithelial cells whose cellular bodies remain along 
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the ventricle to form the ependyma (Fig. 89). Others of the primitive 
spongioblasts lose their connection with the ventricular surface (Fig. 
90) . The cytoplasm between the nudeus and the ventricle is drawn out 
to a long pRR^ss. In this stage the cell is called a bipolar spongioblast. 
The ojnnecdon with the ventricle is later lost and the body of the cell 
becomes piriform; it is now called a unipolar spongioblast. After the 
ingrowth of bloodvessels into the central nervous system wherever the 
tails come into contact with the vessels an attachment occurs. The dis- 
tal part of the tail atrophies whereas the proximal portion becomes very 
stout. At this stage the vascular process dominates the appearance of 



Fig. S9. Scheme of evolution of the ependymal cells. ILM— internal Imutiag 
membrane of the btain; Elhl^-external linuticg membtase. 1— medullary 
epithelium: 2— pfimitive spongioblast; 5— ependymal spongioblast; 4 — epen- 
dymal cell; !l-^meal cell. 

the cell, which begins to put out feeble processes from its other extrem- 
ity. It is now known as an astroblast. By the continued extension of the 
non-vascular processes it is transformed into an adult astrocyte. 

It does not seem possible, however, that the tremendous numbers 
of astrocytes in the brain can be accounted for by the process outlined 
in the piece^ng paragiaph. Thcra^ to prove, in an atiempt 

to explain numerous facts of the normal structure and development of 
the brain it has been found necessary to suppose that the germinal cells 
give rise not only to neuroblasts but also to more embryonic undif- 
ferentiated cells which we may call medulloblasts. Migrating and divid- 
ing in an undifferentiated state they finally form either neuroblasts, 
spongioblasts, or oligodendroglia. Hus hypothesis seems best to ex- 
plain the structure of the deeper regions of the brain, where astrocytes 
and oligodetidtoglb. He in juxtaposition along the long fiber-tracts. 
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The origin of the miaogiia is not definitely established. It is sup- 
posed to come from the mesenchyme and certainly when it is earliest 
identifiable k lies in close proximity to the deepest extensions of the 
pia-arachnoid, for example near the velum interpositum. From these 
regions it is supposed to migrate throughout the central nervous sys- 
tem. The histological aaivity of the microglia is quite different from 
that of the other interstitial cells and more comparable with that of the 
phagocytes of mesenchymal ori^n. We may, therefore, accept the hypo- 
thesis of its origin from the mesendiyme until it is disproven. 

Finally we might mention that in the pineal body the medullary 
epithelium follows another evolution and develops into a special type 



Fig. 90. Scheme of evolution of the astrocytes. ULM— mtctnal limi ting iDembrane 
of the brain; ELM — external limiting membrane. 1 — primitive spongioblast; 
2 — bipolar spongioblast; 3 — unipolar spongioblast; 4 — ^troblast; 5 — astrocyte. 

of cell, known as the parenchyma of the pineal body (280) . The histo- 
genesis of the brain may be recapitulated in a diagram (Fig. 91). 

All of these embyonic and adult cells, with the exception of the 
microglia, may be identified in bram-tumors with greater or less fre- 
quency and occasionally tumors are composed predominantly of a single 
cellular type. Of course, most of them contain several types of cells 
which at b«t reproduce only crudely the normal embryonic cells (426) . 
It is necessarily so, since the cellular types which have been isolated rep- 
resent only transitory phases of a continuous development and, more- 
over, the tumors are pathological and not normal growths. It is equally 
understandable, wheAer w’C suppose that a tumor arises from an em- 
bryonic cell and differentiates or that it arises from an adult ceil and 
“dedifferentiates/' that growths composed uniquely of one cellular type 
should be rare. A tumor composed of spongioblasts, oligodendroglia. 
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Epithelium 



FiC. 91 Scheme to recapitubce histogenesis of biaio. 

and astroc}tes is readily explained on either basis. But a classification 
is Justifiable for didactic purposes. In treatises on pathology, in the chap- 
ter on tumors of the connective tissues, one finds described the fibroma, 
the osteoma, the chondroma, the myxoma, the sarcoma, erc., whereas in 
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actual experience everyone knows it & sometimes necessary to diagnose 
osteo^hondro-myxo-fibrosarcoma. Nevertheless purer forms are found 
and in these cases it is possible to attach a prognostic significance to their 
structure. In a simiJar way a classification of brain-rumors is made, based 
on the structure of the predominant cellular type. 

As a matter of faa when one looks long at the kaleidoscopic con- 
tinuum of brain-tumors certain familkl resemblances emerge and when 
the tumors are grouped in accordance with these resemblances it is evi- 
dent that in each group a certain cellular type dominates the micros- 
copical appearance. When the clinical histories are correlated with the 
microscopical structure it is further evident that the various groups have 
charaaeristic sites of origin and clinical courses peculiar to themselves 

(41). 

The groups which are most readily distinguished are die following: 

1. Glioblastoma multiforme 6. Astroblastoma 

2. Astrocytoma 7. Ependymoma 

3. Medulloblastoma 8. Pinealoma 

4. Oligodendroglioma $). Ganglioneuroma 

5. Spongioblastoma (polate) 10. Neuro-epithelioma 

On histological grounds the astrocytomas may be subdivided into 
protoplasmic and fibrillary types, the pinealomas into adult and em- 
bryonic types, and the ependymomas into adult and spongioblastic types, 
but there seems little practical advantage in doing so. If now the ten 
major groups which we have isolated be analyzed clinically we will find 
that the structural differences are correlated with differences in behavior. 

The glioblastoma multiforme occurs very frequently. It develops 
almost exclusively in the cerebral hemispheres of adults (Fig. 120). It 
grows very rapidly, the average lengdi of the clinical course between the 
onset of symptoms and the death of the patient being about twelve 
months. Hemorrhages and degenerations in the tumor are the rule, so 
that the symptoms often begin or change abruptly. The tumor is com- 
posed microscopically of very anaplastic neuroglial cells. Most of the 
cells are of bipolar, fusiform shape so that the tumor resembles grossly 
a spmdle<elled sarcoma and was formerly desaibed as a gliosarcoma. 
Many of the cells resemble medulioblasts, unipolar spongioblasts, peri- 
vascular cells (of Andriezen), astroblasts, and even small astrocytes. 
Multinucleated cells are common (Fig. 121) and many mitoses are 
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foutid. The cut surface is a kaleidoscopic display of red, yellow, brown, 
gray, and white. There is no capsule. The multiformity of the histological 
appearance is due not only to varraiions in the form of the neopJasuc 
cells but also to the widespread degenerative and reparative changes. 

The astrocytomas occur anywhere in the brain. They are very slowly- 
growing indolent tumors. There is a marked tendency for them to un- 
dergo a sort of liquefaction causing the formation of large cysts (Figs. 
103> 104) practically destroying the tumor, which may persist only as a 
small mural nodule. These tumors are avascular and hemorrhages into 
them are rare. In children they are usually in the cerebellum (124), 
whereas when they lie in the cerebral hemispheres they usually cause 
symptoms only in adult life. Ihe cut surface is gray and smooth. They 
may be either soft or very 6rm. Microscopically th^ are composed 
mainly of astrocytes (Fig. 105) either of protoplasmic or Ebtillary type. 
Many are of transitional type. Their time of evolution is very long, surty- 
seven months or more. 

The medulloblastoma is almost exclusively a tumor of the cerebel- 
lum of the child (46). Icev'olves rapidly in fifteen months or Jess. Usu- 
ally situated in the middle of the cerebellum it projects into the fourth 
ventricle (Fig. 96) and has an unusual tendency to invade the meninges 
and spread widely in the subarachnoid spaces, even to the olfactory bulbs 
in one direaion and to the cauda equina in the other. It is a solid, red- 
dish tumor, very vascular, but hemorrhages and cystic degeneration are 
uncommon. It often seems grossly to be encapsulated in the cerebellum. 
Miaoscopjcally it is composed mainly of small cells with hypercbromatic 
nuclei (Fig. 97). The celb have very little cytoplasm. Mitoses are fre- 
quent. It is supposed that the neoplastic cells are medulloblasts betause 
in some cases both neutoblascs and spongioblasts may be identified in the 
tumor. Rarely one of these tumors may be composed so predominantly 
of neuroblasts as to merit the name of neuroblastoma. Its growth may 
be readily checked by roentgen-radiation. 

The oligodendroglioma (43) is almost exclusively a tumor of the 
cerebral hemispeheres of adults. It is very often calcified so that it casts 
a shadow in the roentgenogram. It grows slowly, the average length of 
evolution being about sixty-six months. Hemorrhages and cystic degen- 
eration are uncommon. Microscopically it is composed of small round 
cells witit spherical nuclei. The cytoplasm stains so poorly that it often 
seems to form a halo around the nucleus (Fig. 112). Many of the alls 
may be impregnated by methods for the oligodendroglia. 
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The spongioblastoma (50) is also an indolent growth which has a 
predilection for the brainstem and b especially common (Fig. 125) 
along the optic tracts (235). Its time of evolution is long, being over 
fbrty*six months. It is a grayish, avascular, firm tumor with little tend- 
ency to cystic degeneration. It is occasionally calcified. It occurs usually in 
children and often assodatcd with peripheral manifestations of neuro- 
fibromatosis. Miaoscopically it is composed essentially of bipolar and 
unipolar spongioblasts (Fig. 129). 

The astroblastomas {44) are a rather poorly defined group of tu- 
mors which occur in the cerebral hemispheres of adults. They have many 
of the characteristics of the glioblastoma multifotme but grow more 
slowly; their average clinical course extends over a period of more than 
twen^’-eight months. Microscopically they are composed mainly of 
astroblasts. Transitional forms are found to glioblastoma multiforme 
on the one hand and astrocytoma on the other. There is a characteristic 
overgrowth of connective tissue around the numerous bloodvessels. 

The ependymomas (22) occur along the walls of the ventricles, 
especially in the fourth ventricle (Fig. 93 ) . They often give symptoms in 
childhood. They are slowly growing tumors, practically innocuous if it 
were not for their unfavorable situation. Two varieties are distinguished, 
the ependymoma and the ependymoblastoma. Both are indolent growths 
which cause symptoms mainly by blocking the circulation of cerebro* 
spinal fluid. Miaoscopically they ate composed of ependymal cells or 
ependymoblascs (Fig. 94) with characteristic blepharoplasts in the cyto- 
plasm. The ependymoma is the most frequent glioma of the spinal a>rd 
(299). 

The pinealomas (276), as their name implies, develop from the 
pineal Ixjdy. They give rise to charaaeristic symptoms because of their 
situation. Their structure imitates that of the pineal body at some stage 
oi its development. In the adnJr type there is a chsusctetistic assodation 
of pineal cells and lymphoid tissue (Fig. 134). 

The ganglioneuroma (110) is a very rare tumor which may occur 
in the brain but is much more common in the peripheral nervous sys- 
tem. It is charaaerized miaoscopically by the presence of numerous 
neoplastic nerve-cells. 

The neuro-epithelioma is also a very rare tumor in the brain and 
spinal cord; it is especially frequent in the retina (235) which is, after 
all, a part of the brain. The striking microscopical feature is the presence 
of canals surrounded by primitive spongioblasts to form rosettes. 
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From these brief charaaerizations it is evident that eacif type of 
glioma is a distinct entity with its own idiosyncrasies which it is im- 
portant to recognize. Any attempt to desaibe ‘'glioma” as an entity only 
leads to confusion. If now we place these tumors on our scheme of 
histogenesis (Fig. 92), in accordance with the predominant cellular 
type, and compare the result with a table of the average survival-time 



characteristic of each group of tumors it will be seen that in general 
the gliomas composed of celts resembling those of the early stages of 
histogenesis tend to develop more rapidly. The average survival-times 
in months ace as follows: 


1. Medulloblastoma 

15 

2. Neuroepithelioma 

— 

3. Glioblastoma multiforme 

12 

4. Pinealoma 

18 

5. Ependymoma 

25 + 

6. Astroblastoma 

28+ 

7. Spongioblastoma (polare) 

46 + 

8. Oligodendroglioma 

66+ 

' 9. Ganglioneuroma 

— 

10. Astrocytoma 

76 + 
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Although the neuroepitheliomas and ganglioneuromas are too rare 
in the brain for any figures to be significant we know that the neuro> 
epithelioma of the retina is a very malignant tumor and that the ganglio* 
neuromas of the peripheral ganglia are benign. The survival-times of 
the pinealomas and ependymomas are shortened because of their un- 
favorable location in the brain. The malignancy of the ependymal tu- 
mors is about the same whether diey are composed of ependymal cells 
or ependymal spongioblasts. For statistical purposes I have, therefore, 
grouped the ependymoblascomas and ependymomas, which I previously 
distinguished histologically, together. For the same reason the rare 
pinealoma of spongioblasdc type (pineoblasroma) has been grouped 
with the pinealomas of adult type. The medullo^pitheliomas, neuro- 
blastomas and other rate types have been ignored. Taking all these 
things into account it is evident that the microscopical structure of a 
brain-tumor is important for prognosis. 

The faa that in these tumors embryonic cells may be found should 
not be interpreted in the sense of the G>hnheim-Ribbert hypothesis. 
There is some evidence which indicates chat the medulloblastoma may 
arise from embryonic rests in the cerebellum but for the other types 
such evidence is almost entirely lacking. There are even indications that 
the glioblastoma multiforme may arise by dedifferentiation of proto- 
plasmic astrocytes. Moreover, there is no more reason to suppose that 
every glioma arises in the same way and from the same causes than there 
is to suppose a common etiology for all tumors. We have already learned 
chat modern developments in the study of cancer have Jed pathologists 
to insist on the possibility of multiple etiological factors. But inability 
to explain the origin of gliomas does not need to hinder us from classify- 
ing them tentatively and studying their behavior. 

If from a long series of gliomas of the brain verified at necropsy or 
operation we list all those which may be classified under the ten major 
groups we have distinguished, the result is as follows: 


A. Verified at operation by cystic fluid alone 


39 

B. Excluded because differential study impossible 


64 

C Unclassifiable and rare types 


67 

D. Qassified according to the above scheme 


378 

Neuro-epithel loma 

1 


Medulloblastoma 

55 


Pinealoma 

8 


Ependymoma 

16 
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Glioblastoma muldforme 

117 

Spongioblastoma (polare) 

12 

Astroblastoma 

20 

Astrocytoma 

136 

Oligodendroglioma 

12 

Ganglioneuroma 

1 


Total 568 

Of the large group in which the nature of the tumor was verified 
at operation by removing charaaeristic yellow clotting fluid from a cystic 
cavity the vast majority would prolwbly prove to be either glioblastoma 
multiforme or astrocytoma. If necropsies could be obtained from these 
cases and they were then included in the classified list the relative num- 
bers of these two types would in all probability be changed but little; 
most probably the percentage of astrot^mas would be somewhat in- 
creased. One should remark also the number of unclasslfiable tumors. 
In many instances the amount of material removed at operation was in- 
sufficient, too neaotic, or removed in a manner to make a microscopical 
study unreliable, but there still remains a goodly percentage (11.8 per- 
otnt) of rare, atypical, transitional, or mixed forms which cannot be 
fitted into our dassifiation. 

A glance at the classified list now shows that ^4-2 percent fall into 
three large groups— the astrocytomas, the glioblastomas, and the 
meiuUohlastomas. The last two are formed of rapidly growing tumors 
which kill quickly, while the first is composed of indolent relatively 
benign ti^mors. A study of the whole group indicates that approximately 
47 percehA., (composed of ependymomas, spongioblastornas, astrocy- 
tomas, oligodendrogliomas, and ganglioneuromas) are relatively be- 
nign /ttmowSwith a good prognosis provided that they do not block 
the drcuIatioA of the cerebrospinal fluid. The general impression that 
the prognosis o'^Iiomas is hopeless — an impression gained largely from 
the glioblastomu multiforme — is not, therefore, confirmed by careful 
analysis. I 

I will try to g*ye clear and detailed descriptions of the more frequent 
groups of gliomaV and we have time now to begin with the small but 
interesting group fef the ependymomas. I have here a brain containing 
suchatumor (Fi^j93). It was obtained at necropsy from achild (case 
XXII ) of sixteen n\onths who was well until six weeks before admission 
to the hospital, wh^n he began to vomit persistendy. A week later it 
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was noted that the boy squinted. He had begun to walk only two months 
previously; with the onset of his illness he ceased to try to walk and re- 
mained in bed. He became gradually dull, his head enlarged and there 
were twitchings of all his extremities. 

When admitted the child was emaciated, stuporous, and sucking his 
fin^rs constantly. The head was obviously enlarged (51.5 cm. in cir- 
cumference) and gave a hollow sound when percussed. It was retracted 
and rotated to the left and held stiffly in this position by rigid contraction 
of the cervical muscles. The child seemed to be blind although the op- 
tic discs were only slightly swollen. The pupils were dilated and 
did not react to light. There was an inmrnal squint of the left eye. Both 
eyes wandered incoordinately and did not follow lights. There was a 
slight right facial w'eakness. The child moved his left extremities much 
more than the right. The tone of the right extremities seemed greater 
and there was on that side an extensor plantar reflex. There were rapid 
myoclonic twitchings of all the extmmities perhaps more on the left 
side. The child would not cooperate at all with the examiner. His tem- 
perature varied from 37® to 37.5®. 

The stiffness of the neck indicated that the tumor lay in the cere- 
bellar fossa but there was a fairly definite right spastic hemiplegia. The 
history of his illness was not sufficiently detailed to be of mutffi aid in 
locating the lesion. We know that in children the vast majority of in- 
tracranial tumors are situated in the subtentorial region but for infants 
this rule does not hold good {520). Since the outlook was not very 
bright it was decided to make a ventriculogram first. It revealed a widely 
dilated ventricular system except for the fourth ventricle which was not 
visualized. Although the air was immediately removed from the ventri- 
cles the pulse became very irregular, respirations were shallow and irreg- 
ular, and a hyperthermia developed from which he died after a few 
hours. 

At necropsy there was found a large tumor, 5 cm. in length by 4 
cm. in breadth, within the fourth ventricle. It was visible externally 
between the vermis of the cerebellum and the bulb, and extended down 
into the foramen magnum. The reladons of the tumor are best seen on 
median section of the brain (Fig. 93). The inferior surface is flat and 
attached in its middle portion to the floor of the fourth ventricle. Its 
anterior extremity projects into the aqueduct and its inferior extrem- 
ity downward over the posterior surface of the bulb beyond the calamus 
scriptorius. Its upper surface indents deeply the cerebellum from which 
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it is readily separated. The anterior medullary velum is distina from the 
tumor, the posterior cannot be identi5ed. The cut stirface of the growth 
is grayish-red in color with a few hemorrhagic spots. The bulb is very 
much flattened by the tumor and the ventricles widely ^dilated. 

The SYMPTOMS OF SUCH TUMORS WITOIN THE FOURTH VENTRICLE 
ate readily undetstood (71). They cause early and violent headaches 
coming on in paroxysms associated with stiffness of the neck and pain 
which may radiate to the shoulders. The muscles of the neck may be 



FiC. Median section o( bnin Case xxu with ependjmoma 
of fourth ventricle. 


tender when palpated and obviously tensely contraaed. The head is 
held very cautiously in the position which the patient has found most 
comfortable, usually slightly flexed but often retraaed (456). Any 
attempt to displace the bead from the optimal position is resisted 
by the patient who knows by experience that any movement is apt to 
start a violent headache. Moreover, a sudden movement may produce 
even more serious results such as vomiting, vertigo, syncope, apnea, or 
involuntary urination. The headache js caused by blocking of the circu- 
lation of the cerebrospinal fluid but the more serious symptoms are due 
to compression of the medullary centers by the tumor which often pro- 
jects upward into the aquedua and downward into the foramen mag- 
num. Various viscera! disturbances are provoked by these tumors, prob- 
ably from irritation of vagal nuclei; often there is vesical tenesmus or 
difficulty in starting micturition (260). Pains in the epigastrium pr pre- 
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cordial region may cause errors of diagnosis. The vomiting and the 
urinary troubles may precede the symptoms of increased intracranial ten- 
sion and when they do so are very suggestive of tumor in the fourth 
ventricle. 

Unless prompt relief is obtained from operation the condition of 
patients with tumors of the fourth ventricle is soon greatly aggravated. 
The intracranial tension rapidly increases. The patient becomes stupor- 
ous, vomits repeatedly, and the optic discs become rapidly choked with 
numerous hemorrhages. Attacks occur during which the head is re- 
tracted, the back hyperextended, the arms extended and pronated, the 
legs extended and adduaed, the pulse irregular, respirations of the 
Qieyne-Stokes variety, temperature elevated, and consciousness clouded 
(275). These so-called cerebellar fits are due to compression of the 
bulbar centers ( 492 ) and one may observe alternating vasodilatation 
and vasoconstriaion, bradycardia alternating with tachycardia, dyspnea, 
polyuria, profuse sweating, and dilatation of the pupils. At first the 
attacks may be short but later longer and more severe until one ends in 
the death of the patient. The fatal outcome has often been hastened at 
this stage by an ill-advised lumbar puncture. 

In addidon varied symptoms are present of Irritation or compres- 
sion of the cranial nerves in the cerel^llar fossa or of their nuclei, the 
sensory afferent tracts, or of the pyramidal system. Most constant, how- 
ever, are cerebellar disturbances predominating in the lower extremi- 
ties and forming a group which we will discuss later (p. 240) as the 
syndrome of the vermis. Very frequent also is a general hypotonicity 
with abolidon of the tendon-reflexes probably produced by compression 
of the vesdbular nuclei 

Of course the symptoms I have enumerated are in no way charaaer- 
istlc of ependymomas in general, but the fourth ventricle is the most 
frequent site of these tumors and when there they cause symptoms simi- 
lar to those I have just described. Ependymomas occur near the ventricu- 
lar walls anywhere in the brain, often in the lateral cerebral ventricles. 
In the latter situadon they are frequently calcified and, since they are 
practically the only calcified tumors in this location in children, the faa 
is of some diagnostic significance (791). The ependymomas are also 
usually fairly sharply circumscribed from the surrounding brain, with 
the exception of the ventrioilar wall, which makes them easier to re- 
move. They may contain small cystic cavities but rarely large cysts. They 
are relatively tough and avascular growths. 
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Microscopically the ependymomas are charaaerized by the radiation 
of their cells around small vascular channels (Fig. 94). They may be 
divided into two groups on the basis of the shape of the neoplastic cells, 
although there seems no practical advantage in doing so. In one group 
the cells are polygonal or slightly elongated, with considerable cyto- 
plasm, forming a mosaic. The cellular boundaries are distinct and those 
cells around the vessels are the most elongated. In the other group the 
cells are still more elongated, with stout processes which may extend 
for some distance in the tissue but end finally on the wall of a vascu- 



Fig. 94, Drawing of a microscopical preparation of an ependymoma, 
lar channel. The cells of the latter group have been likened to ependy- 
mal spongioblasts; those of the former group resemble the cells of the 
medullary vela. Within the cytoplasm of nearly any of the neoplastic 
cells can be found a group of granules or short rods which stain like 
the blepharoplasts of the normal ependymal cells. 

Such ependymal tumors would be relatively benign growths were it 
not for their sire of origin which makes it easy for them to block the 
circulation of the cerebrospinal fluid. Some patients have survived for 
many years, after a decompressive operation has relieved the obstruc- 
tion, although the tumor Im not been removed. When attached to the 
floor of the fourth ventricle it is inadvisable to attempt their removal. 
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MEDULLOBLASTOMA 

SYNDROME OF THE VERMIS CEREBELLI 

In 1925, 1 isolated a type of glioma which occurs chieBy in the cen- 
ter of the cerebellum of children for which I suggested the name medul- 
loblastoma. A preliminary study was published in collaboration with 
Cushing (46), who has recently made a much more complete survey 
of the material (136). I will show you this morning a child with typi- 
cal symptoms, and the brain of another which demonstrates particularly 
well the peculiarities of structure of this tumor. 

This delicate child (case xxiii), eight years old, began eighteen 
months ago to vomit on arising in the morning, usually before break- 
fast. Before the vomiting she complained of headache. She was irrit- 
able and listless during the day and slept poorly at night. She remained 
at school for three months but had difficulty with her lessons. Her 
headaches then ceased but she continued listless and vomited her food 
frequently. The school-physician fotmd that her gait was very unsteady, 
that she tended to fall backu'ard and that the opoc discs were swollen. 

She was admitted to the hospital six months after the onset of vom- 
iting. She was very pale and listless. The optic discs were elevated 6-7 
diopters with many fresh hemorrhages. Her visual acuity was 0.8 — 3 
in the right eye and 0.8—4 in the left. The visual fields were slightly 
and concentrically contcaaed. There was little or no nystagmus; at times 
a few feeble jerks on looking to the extreme right or left. There seemed 
» be a slight weakness of the right side of the face and the fight corneal 
reflex was less active. The tendon-reflexes were all greatly diminished. 
There was a marked relaxation of the musculauire of all the extremi- 
ties, but practically no asynergy of the extremities of cerebellar type. 
She stood with difiiculty by spreading her feet widely apart and her 
gait was reeling with a tendency to fall backward. The head was en- 
larged and a "aacked-pot" sound was elicited by percussing the head. 
The neck sras stiff and any attempt to flex the head on the chest caused 
the patient to cry out with pain. Roentgenogram of the head showed 
the sutures to be widely separated (cf. Plate in) . A diagnosis was made 
of tumor of the vermis of the cerebellum. 
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A suboccipital exploration was made through a cross-bow incision. 
When the dura mater was opened a grayish tumor could be seen between 
the tonsils of the cerebellum extending down into the spinal canal. The 
arch of the atlas was removed before the lower end of the tumor could 
be exposed. The tumor extended upward into the fourth ventricle under- 
neath the vermis which was split sagittally to expose the lesion. AS mu^ 
as would come away readily was then removed by suaion. The wound 
was carefully closed, leaving the dura mater open. Microscopical exami- 
nation proved the tumor to be a rapidly growing glioma of the type 
known as a medulloblastoma. The child recovered promptly and was 
discharged two weeks later at which time she could walk alone but her 
gait was still somewhat unsteady. The suboccipital region was not tense 
and she had ceased vomiting, 'the choking of the optic discs had sub- 
sided to two diopters. There was still a marked hypotonidty of all the 
extremities. 

Energetic roentgentherapy directed toward the entire central nervous 
system was begun. She continued to improve rapidly. A month later she 
walked and ran normally; could walk a line or hop on either foot with- 
out falling. She no longer vomited and gained in weight There had been 
CO reduction in visual acuity. The nasal margins of the discs were still 
elevated about O.S diopter. The pupils were widely dilated and reacted 
sluggishly to light. The reflexes were aaive and the hypotonidty of the 
extremities much diminished. She was quite well all summer but re- 
turned within three months with the subocdpital region bulging and 
some unsteadiness of gait. There was no swelling of the optic discs. 
More roentgen-radiation was given. She returned to school and did well 
in her school-u-ork. Three months later she was examined again. At this 
time she was feeling well; the suboccipital region was bulging and tense 
but there was no headache or vomidng. The optic discs were not swol- 
len. The principal change was in the knee-jerks which were very hyperac- 
tive. Roentgen-radiation was again given. Two months later she was 
quite well, running and playing like a normal child, and the swelling of 
the suboccipital region w'as much less. 

She returns to the hospital now complaining that for the last month 
she has been troubled by pains down the backs of both legs. The sub- 
occipital region is bulging and tense, and she occasionally vomits. The 
knee-jerks areJjrisk but the ankle-jerks are not obtained, 'there is no 
swelling of th^opuc dis'^. No sensory loss can be found in die lower 
extremities, but 1 fear tha\ the tumor has spread down the spinal cord. 
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You can imagine what is happening after you have examined this 
specimen; it is the brain and spinal cord from another child who 
developed a similar tumor. 

The surface of the brain is very smooth. Not only are the convolutions 
fatmned but the sulci are obliterated by a grayish mass of tissue which 
extends upward in each lateral fissure and spreads out finger-like over the 
hemispheres (Fig. 95 ) . Over the base of the brain this tissue obliterates 
all landmarks and can be traced forward aroimd the rostrum of the 
a)rpus callosum between the hemispheres and backwards around the 
pons to the cerebellum. When the brain is cut sagittally the tissue is seen 



Fig. 95. Lateral surface of the cerebral hemisphere from Case xxrv. 
The rumor has spread along the cerebrospinal pathways. 


to coalesce with a large mass occupying the central part of the cerebel- 
lum and filling the fourth ventricle but not adherent to its floor. There 
is a marked dilatation of the other ventricles. It is evident that the tumor 
of the cerebellum has invaded the subarachnoid space and spread along 
its main channels, not only forward but also downward, because exami- 
nation of the spinal cord discloses the same grayish tissue extending 
especially over the dorsal surface as far as the cauda eqiuna where there 
are several nodules a centimeter and more in diameter. 

The child (case xxiv) from whom these specimens were taken at 
necropsy was three and a half years old. He began, three months before 
admission to the hospital, to vomit, usually in the morning before break- 
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fast. He ■would vomit suddenly and without •warning. He did not seem 
sick and went on playing afterward. A month later the vomiting became 
more frequent. He was not ill otherwise, did not complain of headache, 
and v^lked and ran normally. Vaikms pediatricians were consulted who 
made gastric studies but could find no cause for the vomiting. Finally he 
began to vomit constantly, was unable to retain food, and became very 
weak. When he fell into a stupor another physician was called who 
found that the optic discs were swollen and sent him to this dime. Dur- 
ing his entire illness he never complained of headache. 

When admitted he was comatose and the pulserate was 50. The neck 
was stiff. A "cracked-pot" sound was elidted when the head was per- 
cussed. The optic discs were elevated but were difficult to measure be- 
cause of lack of cobperation. All of the extremities were very hypo- 
tome. There was a bilateral extensor plantar reflex. Roentgenogram of 
the head showed the sutures of the cranium to be separated, and the sella 
turdca normal with no calcification above it. 

In spite of the absence of much cerebellar symptomatology it was 
determined to make a subocdpical operation. A large, soft, reddish-gray 
tumor was found in the vermis; it extended downward into the spbal 
canal and around the bulb. There was a separate nodule on the dorsal 
surface of the left hemisphere of the cerebellum. It was obviously im- 
possible to remove the tumor and since the child had stopped breathing 
several times the operation was terminated as a decompression and the 
wound dosed as rapidly as possible. The temperature rose to 3P.8* and 
the pulserate to 160. His condition was precarious for several days. The 
palate was paretic and he regurgitated food through the nose so that he 
had to be fed with a nasal tube. He vomited a great deal and coughed 
with a brassy sound as though there were a paralysis of die recurrent 
laryngeal nerve. Fluids were administered intravenously and roentgen- 
radiation was begun and conunued in small doses at frequent intervals 
over the cerebellum and entire spinal canal. He began definitely to im- 
prove about two weeks after the operation, vomited less and began 
swallowing food well. Two weeks later be was discharged. At this time 
he had ceased coughing, was swallowing food normally, vomited lately, 
and was very alert mentally. There was a nystagmus only when he was 
turned. All of the extremities were hypotonic. The optic discs were not 
swollen but slightly atrophic. He was still very weak and could not 
stand alone. 

His condition remained unchanged for nearly a month; then he had 
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an atack of twitching of his right arm, leg and face, during which he 
could not talk. He lapidly developed a right hemiparesis, had difficulty 
in swallowing, and frequent twitching of the right side of the face. On 
the following day there was a generalized convulsion. The lateral ven- 
tricle was punctured and the cerebttKpinal fluid was found under no ten- 
sion. He grew rapidly weaker and died within a few hours. The brain 
and spinal cord which we have just examined were removed one hour 
post-mortem. 

These medulloblastomas almost invariably develop in children of an 
average age of ten to eleven years ( 236) , in the midline of the cerebel- 
lum just over the fourth ventricle. Rarely a tumor of similar structure is 
fotmd in the cerebtal hemisphere. The gross appearance of these tumors 
is usually reddish gray. They may be invisible from the outside of the 
cerebellum, but usually they readi the surface between the tonsils. The 
appearance of the lesion from the suboccipital surface is of most interest 
because it is from this aspect that the surgeon sees it at operation. The 
most common appearance is a fullness of the vermis with herniation of 
the tonsils into the spinal canal, sometimes as far as the axis. \?Tiea the 
tonsils are dislocated upward diere can be seen the inferior extremiiy of 
the tumor in the fourth ventricle. It projects downward in the form of a 
small nubbin, somewhat constriaed from the main body of the growth. 
When this inferior exceosioa is not visible after separation of the tonsils 
its presence may still be betrayed by a fullness of the vermis, and it can 
be exposed by dividing the vermis sagittally. More rarely the vermis may 
be transformed into tumor, which is then visible as soon as the dura 
mater is opened. The tumor b soft and, although it has few large vessels, 
abundantly supplied with blood mainly from the inferior cerebellar 
arteries. It can be easily sucked out but the oozing of the blood from the 
surface exposed is difficult to check because of the absence of large ves- 
sels and the softness of the neoplastic tissue. Rarely is there enough con- 
nective tissue to give a firm consistency to the growth. 

Another peculiarity of the medulloblastoma aids in recognizing it by 
its GROSS APPEARANCE. If is of all gUomos the one most apt to invade 
and spread in the leptomeninges (46), One may see reddish-gray areas 
of varying sizes scattered over the suboccipital surface of the cerebellum. 
They are raised only a couple of millimeters but conceal the folia and 
vessels beneath. Ac necropsy the full extent of this leptomem'ngeal in- 
vasion is sometimes surprising as we have seen. The tumor may be fol- 
lowed along the pathwaj^ of the cerebrospinal fluid over the basilar sur- 
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face of the cerebellum and pons into the interpeduncular cistern then 
along the middle cerebral vessels up the lateral inures whence it spreads 
out over the lateral surfaces of the cerebral hemispheres. It passes also 
anteriorly around the infundibulum onm the median surfaces of the 
frontal lobes. Extending up the great cerebral fissure (of Bichat) above 
the tentorium cerebelli it reaches the ambient cistern and spreads over 
the tentorial and medial surfaces of the occipital lobes. In the sp inal 



Fig. 96. Median seaion of brain with meduUoblasronia io topical location. 


canal it lies mostly on the dorsal surface of the cord, either as small discs 
or as a continuous sheet In the cauda equina it takes the form of nodules 
among the nerves. The extent of spt^ varies in different cases but 
some leptomenin^l invasion is rarely absent. 

The internal relationships of the tumor are best seen by median sagit- 
tal seaion- It is then found to be centrally situated in the cerebellum 
(Fig. 96). Its cut surface is finely granular, reddish-gray in color, of 
fairly uniform appearance and consfetency. Cysts, hematomas, and de- 
generated areas are rare. The anterior wrmis is pushed forcibly upward 
and compressed against the tentorium. The posterior vermis may be 
completely invaded and destroyed; usually, however, it also is greatly 
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thinned and distended. The tumor fills the fourth ventricle and com- 
presses the bulb but is rarely adherent to it. There is also often a poste- 
rior extension down into the spinal canal. The tonsils of the cerebellum 
are compressed and forced downward into the spinal canal alongside the 
spinal cord and tumor. Occasionally itigtaents of the tumor may be 
found implanted in the infundibulum of the third ventricle or even 
rarely along the walls of the lateral ventricles. There is always an inter- 
nal hydrocephalus of the third and lateral cerebral ventricles. The cortex 
cerebri is thinned and the convolutions flattened. 



Fia 97. Drawing of microscopical preparation of a medulloblastoma. 

The MICROSCOPICAL STRUCTURE of the medulloblastoma is quite 
diaraaetisdc in most cases (46). It is a very cellular tumor. Its alls are 
closely packed together. They have very little cytoplasm. The nuclei are 
oval, with heavy chtomatinic network resembh'ng that of carcinomatous 
cells. Mitotic figures are numerous (Fig. 97). When the teased un- 
stained tissue is examined the neoplastic cells are mostly round but some 
piriform cells are found. In fixed preparations the cytoplasm lies mostly 
in formless strands among the nuclei but often the cells appear elon- 
gated, like carrots, with the nuclei at the larger ends. The nuclei have o 
tendency » be grouped, leaving dear spaces filled with the strands of 
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cytoplasm. When such a cleat area is surrounded by a ring of nuclei the 
whole formation xs known as a pseudorosette. Small thin-walled vascu- 
lar sinuses are ntimerous. The connective tissue is usually confined to 
their walls but there is a variable tendency toward the formation of a 
stroma which is rarely of suffident extent to give any firmness to the 
tumor. The nuclei of the stroma are readily distinguished from those of 
the neoplastic cells; they are elongated, often with wrinkled nuclear 
membranes and much less chromatin. 

The portion of the tumor which invades the leptomeninx contains 
much more conneaive tissue, doubtless because the strands of leptomen- 
ingeal tissue form a sort of stroma. This excess of connective tissue has 
led many pathologists to describe these tumors erroneously as sarcomas 
and the diffuse spread in the leptoineniox as "sarcomatosis of the 
meninges." 

Qoser examination will reveal other types of nuclei. Many are oval 
and differ from the usual nuclei only in that the chromatim'c network is 
much more delicate. By appropriate methods of staining it can be shown 
that these nudei belong to spongioblasts in various stages of differentia- 
tion. Still other nuclei ate spherical, vesicular and very large. They have 
prominent nucleoli and very little chromatin and can ht shown to belong 
to neuroblasa in all stages of development. Many of them are apokr 
with only a fibrillogenous xooe (of Held) visible, but usually they are in 
the unipolar or multipolar stage. It is tare that they contain tigroid 
bodies. Because both spongioblasts and neuroblasts differentiate in these 
tumors we may suppose that most of the cells are perhaps bivalent and 
in an earlier stage of development. To the indifferent or undifferentiated 
formative cells of the nervous system I have given the name medul- 
loblasts, hence the term medulloblastoma. It is often difficult to find 
neuroblasts, but I have seen in the cerebellum of a child such a tumor 
with great numbers of neuroblasts. Rapidly-growing tumors of veiy 
similar struccure are found also in the retina (retinoblastomas) and in 
the sympadietic nervous system (sympathicoblastomas) . 

The usual COURSE of the symptoms is somewhat as follows 
(136) : A child about ten years of age begins to complain of headadie 
on arising in the morm'ng, and vomits. He is listless and does his school- 
work poorly. He holds his neck sdffly and is dizzy. He complains per- 
haps that he does not see well. He is taken to the school-physidan who 
finds very little in the way of physical signs, diagnoses a gastrointtstinal 
disorder, prescribes a cathartic and soon the child is much better. But 
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after a few weeks the symptoms return, although headache is now a 
minor complaint. It is noted, howercr, that the child stumbles and falls 
readily and that the head is enlarging rapidly. The diagnosis is some- 
times made at this stage of the disease but in a surprisingly large percent- 
age of cases the child continues to be treated for a supposed gastrointesti- 
nal disorder or tuberculous meningitis. Meanwhile the child loses weight 
from the continued vomiting, becomes more and more disequilibrated 
until he is unable to walk and the vision rapidly fails. Finally, the last 
sage is usually ushered in by attacks in which the child stiffens in an 
opisthotonoid position with the extremities rigidly in extension and res- 
pirations labored. These attacks occur with increasing frequency, and in 
such an attack respiration ceases and the child dies, some sbe or eight 
months after the onset It is often very difficult to obtain an exact chron- 
ological order of development of the symptoms. In fact the parents will 
often deny symptoms which have long been apparent to the neighbors. 
However, from the study of a considerable series of cases it seems that 
headache, vomiting, and staggering gait are most apt to usher in the 
illness. In very young children enlargement of the head may be the first 
sign noted. 

The headache is rarely severe and may be transitorily present only in 
the early weeks of the illness. In some patients headache is denied. On 
the contrary some stiffness and disa>mfott in the back of the neck is 
almost constant. The head is often held stiffly in an unnatural position 
because of the pain. The mildness and transitoriness of the headaches is 
undoubtedly due to the young age of these patients, which allows them 
to decompress themselves by separation of the cranul sutures, thus com- 
pensating for the inaeasing hydrocephalus. The vomiting is an almost 
constant and very early symptom. It is often abrupt, projectile and with- 
out nausea. If often occurs in the absence of headache so that it seems to 
be due to local pressure on the bulb. It occurs at any time but especially 
on arising in the morrung. It has no relation to the taking of food; a 
child who has vomited his breakfast may be fed immediately aftervraxd 
and retain the food. The unsteadiness of gait is always present. In the 
early stages of the disease it is noted only that the child stumbles and 
falls readily but later he may be completely unable to walk. Other symp- 
toms frequently ramplained of are difficulty in vision (usually found m 
be due to squint) , loss of weight and mental change — usually listless- 
ness, inattention, and irritability, less common symptoms are slurred 
speech, incontinence of urine, and dizziness. 
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ExaminatioQ of such a child ia a fairly advanced sta^e of the disease 
shows the outstanding feature of the clinical picture to be dilEculty in 
•walking. When the child is placed on his feet he spreads them fat apart 
and sways widely with a constant tendency to fall over backward. He is 
unable to stand on either foot or to walk a line. When he tries to walk 
the feet are spread apart, he reels drunkenly and ends by falling back- 
ward. The unsteadiness is not inaeased notably by dosing the eyes. The 
trouble in maintaining the equilibrium is in strildng contrast with the 
slight evidences of ataxia of the extremities when the patient is lying in 
bed. Nystagmus is usually absent; rarely a prominent sign. The upper 
extremities mually show little, if any, incoordination by the ordinary 
tests; even the movements of the lower extremities are often surprisingly 
steady but usually show mote or less dysmetrla, asynergla, and tremor. 
The muscles of the extremities in the early stages are very relaxed; the 
tendon-reflexes feeble or difficult to elidt. Later the reflexes may be 
exaggerated with ankle-clonus and extensor plantar reflexes. The head is 
invariably enlarged. Percussion of the head causes a peculiar hollow 
sound, due to separation of the crania! sutures, which is known as the 
"cracked-pot" or Macewen’s sign. The enlargement of the head is evi- 
dence of internal hydrocephalus. 

The neck is held stifliy and any sudden displacement of the head is 
apt to cause pain. The patient usually resists flexion of the h»d on the 
chest but occasionally retroflexion causes most discomfort. In later stages 
come attacks in whidj the head is fordbly retracted, the back arched, and 
the extremities rigidly extended. These are known as cerebellar fits (of 
Hughlings Jackson). During these attacks the patient perspires pro- 
fusely, the pulse and respiration are irregtilar, and coosdousness is either 
lost or the patient is in a semiconscious, dazed condition. The optic discs 
are usually swollen but the swelling is less than one would suppose from 
the severity of the patient’s condition. This is doubtless due to the separa- 
tion of the cranial sutures which reduces the intracranial tension. Sec- 
ondary atrophy of the optic nerves is usually present but rarely severe. 
The visual fields are constricted and the blind-spots enlarged. Paresis of 
one or both sixth nerves is common. There may be difficulty in upward 
conjugate deviation of the eyes. 

It should not be for^tten also that actual symptoms of compression 
of the spinal cord may be produced by the extension of the tumor to the 
spinal canal. In these cases one finds girdle-pains, sensory loss in the 
extremities and spasticity. These symptoms and signs occur late in the 
course of the disease. 
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Any attempt to understand the peculiar distribution of the neuro- 
logical disturbances of these patients reveals to us immediately that the 
cerebellum is sill less understood than the cerebrum. Analysis of its 
functions, in the way we have used for the cerebrum, has been disap- 
pointing. In the intact animal the cerebellar cortex is largely, if nor en- 
tirely, inexcitable in the sense of giving localized mtiscular responses. 
The major part of the cortex is supplied by three arteries which anasto- 
mose with each other so abundantly that no syndromes have been noted 
which can be correlated with occlusion of any artery to the cerebellar 
cortex. The study of wounds received in the World War added little 
to our knowledge. Moreover, the cortex of the cerebellum has such a 
uniform strucrure that cyto-artchirectonic studies give no clues to differ- 
entiation of function. In these circumstances studies of comparative ana- 
tomy and physiology have thrown most light on this complicated and 
obscure structure. 

Many smdies have been made of the COMPARATIVE ANATOMY OF 
THE CEREBELLUM (273). In the lowest of vertebrates, the Cyclo- 
stomes, the most rudimentary form of cerebellum may be found In 
Petromyzon it arises just back of the bilobed recruro opticum by fusion 
of the tubetcula acustica to form a median bridge of tissue arching over 
the anterior excremicy of the fourth ventricle. In all vertebrates this posi- 
tion in dose proximity to the nuclear mass for the eighth and lateral-line 
nerves, the so-called octavolateral area, is maintained. The chief afferent 
paths come from this area but the cerebellum receives other fibers from 
the roof of the midbrain and from the hypothalamus. Its neurons resem- 
ble those of the octavolateral area. In its lateral border is a group of 
large cells whose axons form a cerebellotegmental bundle, some of 
which decussate under the nuclei of the third nerves to form a sort of 
rudimentary brachhim conjuncdvum. The cerebellum in these animals 
isckaily dominated by vestibular and lateTai-line ctmneaions. The pres- 
ence of spinocerebellar connections has not been definitely proved. This 
primitive octavolateral parr of the cerebellum can be traced throughout 
the vertebrate phylum. 

In those animals living on land the lateral-line system has disappeared 
and the oaavolateral part comes to be dominated by its vestibular con- 
neaions. In mammals it is overshadowed by the tremendous develop- 
ment of new medianisms but it is wordty of note that in those mammalg 
which have returned to wamr, for example the whales, it is relatively 
much larger than in land-living mammals. In the simpler amphibia, for 
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example Necturus, ( 254 ) the cerebellum has a twofold origin. By the 
proliferation of numerous nuclei m the neural tube there comes to be 
formed a widened area with a thin roof known in all vertebrates as the 
fourth ventricle. The point of widest lateral extent of this ventricle is 
called the lateral recess. Caudal to the lateral recess lies the oaavolateral 
area and its rostral end thickens and differentiates into the auricular lobe 
of the amphibian cerebellum. With the loss of lateral-line fibers in 
adult frogs it is dominated by vestibular fibers and is clearly the pre- 
cursor of the floccular region of the mammalian cerebellum. But the 
upper border of the lateral recess, which extends across the posterior 
border of the roof of the midbrain to the opposite side, differentiates 
under the impulsion of optic and somesthetic fibers from the midbrain 
and also of fibers of spinal origin. This median portion of the cerebellar 



Fig. $ 8 . Schemes of cerebellum in (a) birds and (b) Dectuius (after Herrick). 


ptimordium was destined to a considerable development under the im- 
pulsion of its spinocerebellar connections as locomotion on land became 
more developed. It is the precursor of the vermis of mammals (Fig. 98 ) . 

The vermis may be conveniently studied in birds (7S) for their cere- 
bellum consists essentially of a median sagittal disc, very thick in the 
middle, and two lateral auricles (Fig. 98). The latter are intimately con- 
neaed with the vestibular nuclei and correspond clearly with the octavo- 
lateral portions of the amphibian cerebellum or the flocculi of mammals. 
The median disc just as clearly suggests the mammalian vermis and is 
similarly divided transversely by sulci which have been homologhed 
with those of the mammalian cerebellum. The avian cerebellum has an 
inferior and superior peduncle but no middle peduncle. The spinocere- 
bellar tracts are the same as in mammals and end in a similar manner in 
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The INTERRELATIONSHIPS OF THE VERMIS CEREDELLl are knOWD in 
some detail. Two important afferent pathways from the spinal cord pass 
upward to the vermis (Fig. 100). The dorsal spinocerebellar tract (of 
Flechsig) arises from the nucleus dorsalis (of Qark) and passes upward 
on the same side of the cord in the lateral funiculus to go via the i^erior 
cerebellar peduncle to the bomolateral cortex of the vermis. Some of its 
fibers may cross in the vermis to the opposite side. More specifically it 
ends in the lobulus centralis, oral part of the culmen and in the pyramis. 
It is important to note that its fibers come mostly from the region of the 
trunk ( 463 ) because the nucleus dorsalis extends only from the last 
cervical or first thoracic to the first or second lumbar segments. The ven- 
tral spinocerebellar traa (of Gowers) arises in the posterior and inter- 
mediate horns of the gray matter of the same and opposite sides of the 
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pyramis pass to the nucleus emboJifomis, perhaps also to the nucleus 
globosus and dotsomedial part of the nucleus dentatus, whence new 
neurons go via the brachium conjuncrfvum to cross and end in the mag- 
nocellular part of the opposite red nucleus. The efferent fibers from the 
nucleus ruber magnocellularis cross almost immediately and descend in 
the spinal cord just medial and ventral ro the crossed pyramidal tract 
(tractm rubrospinalis). The rubrospinal tract of man is very small when 
compared with the same tract in lower mammals. 

The interrelations of the lobus mediomedianus (declive, folium, 
tuber) are not so well known. This part of the vermis is related in some 
way to the hemispheres and does not properly belong to the spinal part 
(450). Similarly the lingula, uvula, and nodulus belong the vestibular 
parr of the cerebellum as will be nored in the description of this parr. 



Fig. 101. Scheme of the efferent pathways of the paleocerebelium 
and ardiicerebellum. 


The vestibular parts of the human cerebellum are much reduced in 
siae. Judging from conditions in other mammals we may suppose that 
afferent fibers come from the triangular and ventral vestibular nuclei, 
perhaps also direaly from the vestibular nerve, and pass via the inner 
part of the homolateral testiform body to the nuclei fastigii and to the 
cortex of the nodulus, uvula, flocculus, and lingula. The nucleus olivaris 
dorsalis also sends fibers to the opposite flocculus. The efferent fibers 
arise mainly in the nuclei teed (also probably some from n, globosus) 
and crossing curve anteriorly around the brachium conjuncuvum to turn 
backward and downward into the opposite Deiter’s nucleus and nucleus' 
of the descending eighth traa. Because of its curved rourse this bundle 
is called the tractus undnatus. Other fibers arise in the nudei teed and 
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pass via the middle peduncle to the homolateral Deiter’s nucleus (Tr, 
fastigio-tegmentalis). In mammals some fibers seem to go directly 
from the cortex of the anterior vermis to the ipsilateral Deiter's nucleus. 

Any attempt to understand THE effects of localized lesions 
OF the cerebellum must take into account this fundamental subdivi- 
sion of the organ into vestibular, spinal, and neocerebellar portions 
(286). To begin with the vestibular parts, they are so hidden beneath 
the main body in all mammals as to make an analysis of the effects of 
lesions in these regions very difficult. The vestibular nuclei lie in close 
proximity and are readily injured. The removal of the parts most readily 
accessible in the dog (nodulus and uvula) seems to cause the same 
symptoms as injury to the vertical semicircular canal of the labyrinth, 
namely turning over backward. Perhaps the distinction is of small im- 
portance for US. These parts of the cerebellum are much reduced in sire 
in the human organ and lie so close to the vestibular nuclei that a tumor 
even of small sire must involve both. 


The effects of lesions of the spinal ponions of the vermis may be 
analyzed best in birds where the hemispheres are absent ( 78). The bird, 
moreover, walks more or Jess erect on its hind legs as does man. It is 
known that if the cerebral hemispheres of a pigeon be removed by sec- 
tion anterior to the thalamus, the bird becomes somewhat somnolent 


and inaaive but stands erea, walb and flies practically normally. The 
righting reflexes ate, therefore, present and there must be a notmal dis- 
tribution of tone in the flexors and extensors of the lojeer extremities. If 
in such a bird the culmen (the only part of ti;ie 'vermis accessible and 
excitable) be stimulated electrically the "iJlunal sinks down on the side 
stimulated and only redresses his positji^ when the stimulus ceases. The 
posterior limit of the region frony^jeh this effert can be obtained is 
marked by the sulcus primariu?^{ j,qv a destructive lesion be made in 
the same region the pigeon,g^J^e 5 an attitude of opisthotonus with the 
neck curved backward rlgMly extended. There is no nystag- 
mus and no torsior^^ jrunk. There is in other words an 

exaggeration of the j position; the head U lifted too high 

aodiheextensorsofi ^^^„„jotedtoostroogly. 

SotOCThat sitnUaV . obtained from the vermis of the 

cat (7r) and in this< , relationships of the eBeOS 

morn evident beca¥ ^o^ accessible. If in a cat m 

decerebrate rigidity theV lobe of the cerebellum be stunulated 


electrically'Mhe extensol 


I the side stimulated disappears*, it 
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may also be slightly diminished on the opposite side. A similar effect 
may be obtained by stimulation of the pyramis. Ablation of the anterior 
lobe (culmen and centralis) causes disturbances in the postural sphere: 
increased tendon reflexes, pronounced lengthening and shortening re- 
flexes and gross exaggeration of posidve supporting reactions (221). 
There is evidence even of localization within the anterior lobe (107). 

These results of experimentation in animals indicate that the spinal 
parts of the cerebellum are concerned with modification of propriocep- 
tive automatic standing. Is there any evidence that this is true in man? 
It must be admitted that the evidence is scanty (57) . We may cite the 
case of the soldier who received a bullet in the vermis; the resulting 
symptoms affected almost exclusively the legs so that walking was prac- 
tically impossible (315). Perhaps the most illuminating information 
has come from an analysis of the disease known as primary paleocere- 
bellar atrophy (333). This strange malady develops often in the fifth 
decade of life. The patient complains always and principally of difficulty 
in walking. When examined one finds the outstanding difficulty to be of 
equilibrium. He can stand only by widening greatly his base and oscil- 
lates constantly forward and bacl^rd. Even when sitting some of the 
patients have difficulty in maintaining their equilibrium. When they try 
to walk they spread their legs widely zpan and Advance irregularly with 
many sudden deviations to the side and a tendency to fall backward. The 
dysmetfia and asynergia of the lower extrerm’ties are less marked in other 
movements than walking. There is very little tremor. Both lower extrem- 
ities are affected symmetrically. The upper extremities are much less 
affected and often nearly normal. Speech is hesitant and monotonous; 
nystagmus is practically absent. The lesion in the nervous system in such 
a case is found at necropsy to consist essentially of an atrophy affecting 
the cortex of the cerebellum, predominating in the superior vermis and 
the antetO'iatezaal parzf oi the qua^rUateral lohtiles. 27?e d^atate neeiei, 
pontine nuclei and cerebellar peduncles seem intact. The postero-internal 
part of the olivary body may be degenerated. The degeneration is, there- 
fore, predominantly in the spinal portion of the cerebellum. 

This primary paleocetebellar atrophy seems to indicate that in man 
also the spinal portion of the cerebellar mechanism is concerned primar- 
ily with those muscles which maintain the erect poscuie and are used in 
progression, principally of the trunk and legs since the arms in man have 
been emancipated and are chiefly prehensile. There is, however, little 
CO be seen of the series of symptoms so prominent in the lower mammals 
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which have to do with the stretch reflexes and supporting reactions. We 
may, therefore, safely predict that a tumor which develops in the vermis 
of the cerebellum will affect principally and symmetrically the lower 
extremities and cause a predominant difficulty in maintaining the erea 
posture and in walking. The exaa relationship of these symptoms to 
the paleocerebellum and archicerebellum is still obscure; they resemble 
more the results of archicerebcllar lesions in monkeys {221) which 
cause disturbances of gait and equilibrium without changes of tendon 
reflexes or postural resistance of the extremities. At any rate they arise 
from the vermis and not from the cerebellar hemispheres and are pro- 
duced characteristically by the medulloblastoma which arises in the pos- 
terior part of the vermis. Thus is explained the frequent absence of nys- 
tagmus, the relative indemnity of the upper extremiues, the symmetrical 
involvement of the lower extremities, with the gross difliculties of walk- 
ing and maintaining equilibrium which are so characteristic of these 
children. They probably have an archicerebellar syndrome. 

In the early stages of development diagnosis of these tumors must 
be made from all other causes of vomiting. Nearly every case is treated 
first as a gastro-intesdnal disorder. The unsteady gait, the enlargement of 
the head and the squint, should, however, soon make the pnliacrician 
shift his attention to the intracranial cavity. The disorder must later be 
differentiated from other causes of hydrocephalus. The ordinary so-called 
essential hydrocephalus begins in infancy. The only frequent causes of 
hydrocephalus, other than nunor, in chilien of ten years or more of age 
is intracranial extension of an infection of the middle ear or multiple 
tubercles. A history of infection of the middle ear may suffice to make 
the correct diagnosis in the former case although confusion may occur 
when both lesions exist simultaneously. The degenerative diseases caus- 
ing disturbance of equilibrium, such as occurs in Friedreich’s ataxia, 
make little difficulty because of the absence of vomiting, headache, 
enlargement of the head. There are also obscure intracranial affections 
in childhood which result in so-called chronic serous meningitis and 
which are differentiated with great difficulty from tumors in the cere- 
bellar fossa (cf. p. 417); lately lead-poisoning has been shown to be 
the cause of many of these obscure cases (87). 

But die medudloblastoma must be differentiated from other tumors 
in the posterior (ossa in childhood. The graph reproduced in Figure 4, 
shows that the astrocytoma is even more common than the medulloblas- 
toma. The differentiation is impossible to establish with certainty before 
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operation, although one may suj^ject an astrocytoma if symptoms have 
CMSted for a year or more, if the tttebellar disturbance predominates 
definitely on one side (because the astrocytoma more often occurs in the 
hemispheres) and if a marked nystagmus is present. At operation it is 
usually possible to distinguish between these two tumors. The astro- 
cytoma is almost invariably subcortical, grayish and avascular, and al- 
most always cystic. The medulloblastoma on the contrary is solid, red- 
dish gray and vascular. The tumor which most closely simulates clinic- 
ally the medulloblastoma is the ependymoma, which also often arises 
in the fourth ventricle of children. Vomiting is an early and prominent 
symptom in the clinical history of these cases also. At operation the 
ependymoma projects downward between the tonsils in the same man- 
ner. It is usually whiter, tougher, and its surface more irregular. The 
cerebellar hemispheres, moreover, separate readily from its upper sur- 
face because the tumor arises either from the floor of the fourth ventri- 
cle or from the velum medullare posterius. But it is usually necessary to 
proceed with a biopsy in order to be sure of the nature of the tumor dur- 
ing operation. The craniopharyngioma may rarely give rise to pro- 
nounced cerebellar symptoms. But it can cause confusion only in those 
cases in which suprasellar calcification is absent. The craniopharyngioma 
is a much rarer tumor and one does not make this diagnosis without 
serious reason. It is well to remember, however, that a tumor of the 
posterior fossa by producing a hydrocephalus of the infundibulum may 
cause many symptoms from the hypothalamic region. 

The only logical treatment for medulloblastoma cerebelii is com- 
plete removal, but this has so far proved impossible. However encap- 
sulated the tumor may seem to be, and however complete the removal 
may seem to have been, the symptoms inexorably return in a few 
months. Even repeated radical extirpations have been of no avail. Un- 
fortunately it is impossible to be sure of the diagnosis before operation. 
There is at least an even chance that the tumor may be an astrocytoma 
which can be removed and the patient permanently cured. At the present 
time, therefore, a suboodpital decompression is always made and the 
decision for further procedure must be made only after the dura mater 
is opened. Some surgeons still make an attempt to extirpate every tumor 
but until some new and more promising method of attack is devised ft 
seems to me best to desist from such fruitless endeavor and be content 
with a decompression which usually suffices to relieve the block to the 
circulation of cerebrospinal fluid, or at best to remove only what comes 
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away readily without provoking too much bleeding. 

It has been found that the medullablattoma it the most sensitive of 
all intracranial tumors to roentgen~radiation {52) and for this reason 
it has been proposed to treat them by radiation before operation (.146). 
If the patient improved promptly the diagnosis would be confirmed and 
the patient spared a futile operation. This proposal is logical; unfortu- 
nately radiation without previous decompression has long ago been 
proven dangerous, and the possibility of provoking the death, from 
bulbar compression, of a patient with a benign tumor has prevented this 
proposal from being generally adopted. Because of the tendency of the 
tumor to invade the leptomeninges, possibly aggravated by the operative 
interference, it seems best to radiate the entire central nervous system 
as soon after operation as possible. Even radiation, at first startlingly 
effeaive, causes but temporary improvement. 



Qiapter 12 
ASTROCYTOMA 

SYNDROME OF THE CEREBELLAR HEMISPHERE 
SYNDROME OF THE FRONTAL LOBE 

During the discussion of the medulloblastoma in the cerebellum of 
children I remarked that nearly Bity percent of cerebellar gliomas were 
not of this malignant type but were on the contrary benign lesions with 
a good prognosis. These latter tumors are astrocytomas, the typical 
glioma durum of Golgi. Its prognosis Is the most favorable of all the 
gliomas. When it occurs in the cerebellum it almost always causes 
symptoms in childhood. 

This child (case xxv) of twelve years had such a tumor. She was 
always well until about three months before admission to the hospital 
when she began to vomit practically every day. Soon headaches began. 
She became weak and lost weight rapidly. About a month later she com- 
plained of pain and stiffness in the neck. Her mother noticed that the 
child did not use the right arm so well and staggered to the right when 
walking. 

When admitted to the hospital she did not appear acutely ill but 
was rather listless and inaaive. The suboccipital region was tender to 
pressure and the neck was held stiffly; any torsion or flexion caused head- 
ache. There was a horizontal nystagmus, with the quick component out- 
ward, provoked by looking to the extreme right or left, coarser and 
slower to the tight. There was a slight weakness of the entire right facial 
nerve. The optic discs were choked about three or four diopters. Visual 
fields were normal. Roentgenogram of the head was normal. The ex- 
tremities were hypotonic, especially the right. The right arm was very 
asynergk and fell away when outstretched, oSering less resistance to dis- 
placement than the left. Her gait was unsteady on a broad base. She 
tended to fall to the right and deviated to the right in walking. There 
was slight hypermetria of the lower extremities, especially the right. 
There were no signs of pyramidal involvement and no sensory disturb- 
ances. The clinical impression was tumor of the right cerebellar hemi- 
sphere, probably astrocytoma. 

A subocdpital exploration d^osed that the right cerebellar hemi- 
sphere was fuller and less vascular than the left. The midline of the 
243 
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cerebellum was displaced to the left and the right tonsil was herniated 
into the foramen magnum. An indsibn into the cortex of the right hemi- 
sphere came down upon the surface of a grayish tumor at a depth of 
about one centimeter. The tumor was punctured and yellow dotting fluid 
obtained. The cystic cavity was then opened and about 30 can, of fluid 
removed. The cyst was completely surrounded by a shell of tumor about 
3 mm. in thickness which was separared from the cerebellar tissue and 
removed. The resulting cavity was filled with normal saline solution, 
the dura mater was closed, and the wotmd sutured carefully. The patient 
recovered promptly. It is now two weeks after operation. The choking 
of the optic discs has disappeared. There is no headache or vomiting. 
There is no nystagmus. The fadal weakness has disappeared. You see 
that she walks quite steadily and when I ask her to touch my finger with 
her right hand ^ere is no tremor or ioawrdinadon visible. The suboca*- 
pital region has a normal contour. 

A comparison of the symptoms of this child with those of the little 
girl with the medulloblastoma (case xxiii) will reveal a marked con- 
trast. Whereas the medulloblastoma caused disturbance of the lower 
extremities, and especially of walking, while the upper extremities were 
fairly normal and nystagmus was a^nt, in this little girl the disturb- 
ance predominated clearly in the right side, the arm was involved as well 
as the leg, and there was a marked nystagmus. The explanation of the 
dl^erence in symptomatology lies in the faa that in this case the tumor 
was located in the eight hemisphere of the cerebellum while the medul- 
loblastoma involved mainly the vermis. In spite of the large size of the 
cystic tumor of this patient the symptoms of disturbance of the right 
cerebellar hemisphere were not very marked. The paucity of symptoms 
is due in these cases to the capacity of the nervous tissue to adjust itself 
and maintain its funaion when slowly distoned and compressed by a 
benign tumor. For this reason the symptoms of lesion of any part of the 
nervous system are much more strikingly apparent after sudden destruc- 
tion by direct violence. 

In the SYNDROME OP THE CEREBELLAR HEMISPHERE aS produced by 
direct injury the symptoms are always homolateral, predominate in the 
extremities, and the arm is more affeaed than the leg whatever the re- 
^on of the hemisphere involved. These symptoms may be detailed 
briefly as follows ( 262 ) : The muscles feel flabby to palpation; the limbs 
are left in abnormal postures. If the forearm is held vertically the wrist 
on the affected side falls passively into extreme flexion. If the arm be 
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seized and shaken the hand flops about in an inert flail-like manner; the 
same may be done with the ankle. 'Die lower extremity may be flexed 
until the knee touches the costal margin and the heel, the buttock. All of 
these phenomena depend upon relaxation of the musculature and are 
usually designated as indicating an atonia. There is also a moderate 
weakness of the involved limbs; they tire more quickly and the patient Is 
reluctant to move them. The movements are, moreover, slower than nor- 
mal; the initiation of movemenc is slower and relaxation also. These dis- 
turbances affect all muscles equally. The range of motion is not altered. 
There is, therefore, an asthenia of the affeaed musculature. 

Most striking is the irregularity of movement. If a patiesst is asked 
to touch his nose with a finger of the affected arm, instead of the smooth, 
even, accurate movement of the normal limb, the movement is decom- 
posed — the arm is first lifted from the bed and the elbow then flexed. 
Moreover, each movement is made in an exaggerated fashion so that the 
arm is lifted too high, the finger is brought too forcibly to the face and 
usually overshoots its mack. The same defects may be demonstrated in 
the lower limb by asking the patient to place the heel of the affected leg 
on the knee of the other. This decomposition of a complex movement 
into its elements is called asynergia. It results from the faa that the vari- 
ous muscles do not contraa in proper sequence with the proper force 
while held in check by their antagonists. The overacrion of the muscles is 
called hypermetria. The lack of the proper brakes on the motion can be 
demonstrated by asking the patient to flex his arm against his chest while 
the observer resists by holding the wrist. When the normal arm is re- 
leased suddenly it is immediately checked, while the affeaed arm flies 
violently into the patient’s face. The asynergia may also be demonstrated 
by asking the |«tient to make rapid alrernare movements; the move- 
ments of the affeaed limb are slower and much less regular and uniform. 
This sign is called adiadokokinesia. When a purposeful movement nears 
or reaches its goal there often appear coarse irregular movements — a sort 
of tremor. 'The same tremor may appear whenever the muscles must 
mainmin a posture, for example in the sitting posture there are often 
irregular oscillations of the head. All of the foregoing symptoms are 
often spoken of as ataxia or as cerebellar incoordination. 

If the patient is now asked to hold his arms horizontally outstretched 
before him the affeaed one will slowly sag and deviate outward. If he is 
asked to lower the affeaed arm and return it to its former position, the 
arm returns outside and beyond; in other words the patient past-points to 
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the side of the lesion. The patient can stand alone either with eyes open 
or shut; there is no Romberg-sign. The head and trunk are inclined to 
the injured side; the homolateral shoulder is elevated. He can stand on 
the unaffected leg alone but not on the affected one. If pushed toward the 
affected side he staggers and is apt to fall In walking, the asynergy of the 
affeaed leg is obvious in all its movements. The patient has a tendency 
to deviate abruptly or fall to the affected side. When the difficulty is 
sliglit it may be made more obvious by asking the patient to turn around 
quickly. 

The eyes at first tend to be deviated slightly to the side opposite to the 
lesion. Any attempt to move the eyes from this neutral point results in 
nystagmoid movements, and the quick jerk is always Jateralward and 
the slow movement toward the neutral point. The nystagmus is slower 
and coarser when the patient is looking toward the side of the lesion. 
There is a marked dysarthria. The speech is hesitating and slurred, and 
the force of phonation varies greatly. The ends of the sentences espe- 
cially have a tendency to be explosive. Speech is accompanied by facial 
grimaces. The effect on speech seems to be the same whichever hemi- 
sphere is involved. 

The tendon-reflexes on the affected side are often more difficult to 
elicit. A characteristic alteration of the knee-jerk can sometimes be 
elicited if the legs are allowed to swing freely. Whereas the normal jerk 
is brisk and quickly arrested, the affected limb moves leisurely and m^es 
several pendular swings to and fro before coming to rest. There is no 
alteration in sensation and no spasticity. The symptoms regress with the 
passage of time. 

All of these symptoms may, from time to time, be produced by glioma 
of the cerebellar hemisphere (4^7), but vary in intensity in the differ- 
ent cases. 

The -011150110 siivictuie of the cctdicllviTa suggests that it has a unitary 
function; but what might be that fuoaion, whose derangement could 
cause the symptoms just described, has never been determined to the 
satisfaction of everyone. A seductive hypothesis recently elaborated 
(180) holds that the cerebellum acts as a brake to prevent overaaion 
due to inertia, the hemisphere exerting this influence predominantly on 
voluntary motion via the motor cortex (34 ) . There is also no general 
consensus concerning the possibility of a localized effect being produced 
by a localized lesion of the cerebellar hemisphere. Certainly at the pres- 
ent time we do well in cases of cerebellar tumor to be able to distinguish 
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between the syndrome of the vermis and the syndrome of the hemi- 
sphere. 

The ANATOMICAL CONNECHONS OF THE CEREBELLAR HEMI- 
SPHERES whereby these effects are produced are better understood 
(463 ) . We have already remarked that the pontine nuclei and cerebel- 
lar hemispheres develop simultaneously with the cerebral cortex. It is 
not surprising, therefore, to find that there are robust tracts of nervous 
fibers descending from the cortex to the pontine nuclei. The frontopon- 
tine tract arises probably in the anterior central and posterior portions 
of the superior and middle frontal convolutions and descends medial to 
the corticospinal fibers in the cerebral peduncles. The temporopontine 
tract arises from posterior parts of the superior and middle temporal 
convolutions and descends in the cerebral peduncle lateral to the cortico- 
spinal traa; it is accompanied medially by the parietopontine tract The 
corticopontine tracts all end in the homolateral pontine nuclei The sig- 
nificance of the various cellular groups distinguishable in the pontine 
gray marter is not well understood so we need not enter into details con- 
cerning them. Suffice it to remark that in man the nucleus dorsalis is 
tremendously developed and that it is in this nucleus that the fronto- 
pontine tract ends. Ihe dorsal nucleus lies in the rostal part of the 
pontine gray matter. The parietopontine fibers end most caudalJy, 
mainly in the nucleus peduncularis and medial part of the nuclexis 
ventralis. The temporopontine tracts end in the intermediate regions, 
chiefly in the nucleus lateralis, nucleus dorsolareralis, and lateral parts of 
the nuclei ventralis ec peduncularis. 

The fibers which arise in the pontine nuclei (tractus pontocerebel- 
laris) go almost exclusively to the opposite cerebellar hemisphere. It 
is possible that a few of them from the ventromedial part of the ventral 
nucleus end bilaterally in the vermis. They would transmit impulses 
from the phylogenetically older parietopontine radiation. But the rela- 
tionships of the various nuclei to the cerebellar cortex are disputed. 
There seems to be general agreement only that from the ventral nucleus 
fibers go to the lobulus biventer. The arcuate nuclei are cxjosidered by 
some to be the most caudal pontine nuclei and fibers from them seem to 
go to the crossed anterior lobe of the cerebellum (tractus arcuatocere- 
bellaris) ; this tract is peculiar to roan. Other afferent fibers to the conex 
of the cerebellar hemispheres come fe)m the opposite lateral nucleus of 
the inferior olivary body. This nucleus develops parallel with the cortex 
cerebri, the pontine nuclei and the wrebeilar hemispheres. Its signifi- 
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cance is obscure but it seems to be an integral part of this complex mech- 
anism. Fibers (tractus olivocerebellaris) leave the hilus of the olive, 
aoss to the opposite restiform body (inferior cerebellar peduncle) and 
are distributed to the entire cortex of the heterolateral hemisphere. The 
details of their distribution are partially known ( 269 ) but not their 
significance. 

The efferent fibers of the cortex of the hemispheres converge toward 
the dentate nucleus. From the laaer the axones of new neurones pass via 
the brachium conjunctivura to the microcellular part of the opposite red 
nucleus. From there fibers pass upward to thalamus and cortex cerebri 
and an important bundle (tractus rubroreticularis cruciatus) crosses and 
descends toward the bulb. 

If one adds to the above description the connections of the red nucleus 
and inferior olive with the striatum, thalamus and spinal cord an almost 
inextricable tangle results from which the final effeaof pathway to the 
extremities is not clear (Fig. 102); the rubrospinal tract prominently 



Fig. 102. Scheme of afferent and efferent pathways of the cerebellar hemisphere, 
figured itv textbooks is past of the efferent pathway of the veemh. The 
main efferent outflow from the cerebellar hemisphere seems to return 
to the motor cortex and reminds one strongly of the negative feedback 
mechanisms beloved of engineers. 

When one remembers the extensive ramifications of this system of 
fibers one may understand that lesions anywhere from the frontal lobe to 
the spinal cord may give symptoms resembling those caused by lesions of 
the cerebellar hemispheres. In fact it is a tradition with neurologists that 
there is a special difficulty ii^.distlnguishing beween tumors of the fron- 
tal lobe and of the cerebelft^ci ( 243 ) > We will turn, thereftsre, to the 
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former region for an example of the astroq^oma as it affects the adult 
patient. 

This woman (case xxvi) of forqr.five years has been somewhat de- 
pressed, inaaive, and inattentive for two years. This state was in marked 
contrast to her former active cheerhil self. She cried readily and took very 
little interest in her family. A sojourn in a sanitorium did not help her. 
She was not otherwise ill until nine months ago when she had a general- 
ized' convulsion, with loss of consciousness for half an hour. She felt 
tired for a short time afterward but remained well until a month later 
when her husband awakened one night to 6nd her moaning and was 
unable to rotise her for a time. After a few weeks she began to have 
headaches, in the right frontal region at times but usually generalized. 
With these headaches she was apt to vomit. She complained of difficulty 
in seeing and glasses were fined but helped her very little. In the last 
weeks she became much worse, had diffindry in speaking, spilled her 
food when eating, followed people with her eyes in a vacant stare and 
became drowsy and incontinent. 

When admined to the hospital she was dull, uncooperative and did 
not answer questions. She yawned and rubbed her nose often. The nasal 
margins of the optic discs were hasy and the veins slightly full but no 
elevation was measurable. The vfeual fields could not be examined, be- 
cause of lack of cooperation. There was a slight weakness of the lower 
left facial musculature on emotional stimulation only. The tendon-re- 
flexes were brisk on both sides with a bilateral extensor plantar reflex. 
No sensory loss was demonstrated. The abdominal reflexes were not 
obtained. Strength was good in both hands bur when an object was 
placed in the left one it closed firmly, was not relaxed on command and 
the object could only with difficulty be withdrawn from it. When placed 
on her feet she swayed and fell to the left if not supported. 

The clinical impression was tumor of the right frontal lobe. A right 
osteoplastic exploration was made with local anesthesia. Before opening 
the dura mater, which was cense, an attempt was made to puncture the 
frontal horn of the lateral ventricle. At a depth of four centimeters 
yellow clotting fluid was obtained. The dura mater was then opened. An 
incision was made through the greatly flattened middle frontal gyms 
which entered a large cavity at a depth of four centimeters. A large 
amount (50 or 60 can.) of cystic Buid was removed by suction. In the 
bottom of the cavity could be seen neoplastic tissue of which a fragment 
was removed for examination. Because of the txnsatisfactory general con- 
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dition of the patient no attempt was made to remove the tumor. The pa- 
tient did not immediately recover consciousness. The temperature rose 
rapidly to 40® and remained between 39“ and 40“ for three days. The 
bloodpressure rose to 156 ram. but the pulserate remained between 130 
and 140. There was a bilateral extensor plantar reflex. The pulserate and 
temperature subsided suddenly on the fourth day and the patient awoke. 
It is now the fifth postoperative day and she has one symptom which 
we could not demonstrate before operation because of her semicomatose 
condition. Listen to this conversation: 

"How are you this morning?” 

“Fine, how are you?" 

"Let me see you move your left arm. Try to move it.” 

"I have moved it.” (No movement.) 

"Let’s shake hands," (holding out hand toward patient’s left hand). 

"You’re a foxy one.” 

"(jome on. Move your left arm.” 

"Wait 'til a more convenient time.” 

"It doesn’t feel cold.” 

"How can it be when I am such a hot one everywhere else? Doaor, I 
want official permission to scratch.” 

"Where do you want to scratch?” 

"Where it itches. The nurses keep me tired most of the time.” 

"How is that?” 

"They bring me a long list of things to eat and I spend most of my 
day crying to decide what I want.” 

"Do you want to try to walk for us?" 

"I’m a most unsea worthy aaft and list to Joo'rd.” 

You note the tendency to "wisecracking.” This symptom, while it 
may rarely accompany tumors anywhere in the intracranial cavity, is par- 
icularly frequent with tumors in the frontal region. You will remark 
also that although it is impossible to get her to move the left arm spon- 
taneously (she seems to be ignorant of its existence) the hand clasps 
firmly when I lay my finger within it. 1 have not been able to get her to 
cooperate for a sensory examinatioo, but she winces when the arm is 
pricked with a pin. We will defer a^in the discussion of the nature of 
the tumor which was found in this patient and first consider the symp- 
toms. Outstanding were the mental defects and the involuntary move- 
ments of the left hand. 

There can be no question that mental disorders occur earlier and 
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are more intense v?hen a tumor develops in the frontal lobe (48) than 
in any other part of the brain, except the corpus callosum and especially 
the region of the supramarginal gyrus of the left hemisphere. In the last 
situation there are special features of the mental defea which enable it 
to be recognized. These mental disturbances must be clearly distinguished 
from the global deterioration due to increased intracranial tension. 

In fact it is a matter of universal experience that when a patient is 
afflicted with a high intracranial tension he becomes apathetic and torpid. 
He lies in bed with a dull and confused look on his face, putting his 
hand to his head in a dazed way at times, yawning and rubbing his nose. 
He pays little attention to his surroundings unless strongly stimulated. 
When questioned he responds slowly and with an effort as though it 
were difficult for him to colfea his wits. All of his mental functions are 
slowed. His speech is correa but his memory is obviously deficient for 
recent events. Less often there is disorientation in time and place, illu- 
sion and fabulatlon. He is almost always conscious of his troubles and 
affeaed by them. Cateful examination convinces one, however, that bis 
intelligence is inta« but merely veiled, as it were, or inhibited. This 
conviction is easily verified by giving the patient by mouth 45 ccm. of a 
saturated solution of magnesium sulphate. With the reduction of intra- 
cranial tension which ensues the normal mental alertness returns. This 
precaution should never be omitted when there is any doubt of the 
t61e of increased intracranial tension in the production of the mental 
disturbance. Because of the lack of control of this factor roost of the 
published observations cannot be properly interpreted. One should not 
forget, however, that a long-continued intraCTanial hypertension due to 
internal hydrocephalus may cause a mental defect from actual destruc- 
tion of cerebral tissue which will not disappear even though the tension 
be relieved. In any event late in die course of a tumor’s evolution the 
mental poverty may be extreme so that the clinical picture resembles 
that of an advanod general paralysis or senile dementia. 

The situation is quite different when the tumor arises primarily in 
the frontal lobe. The mental disturbance is then precodous and persistent 
even in the absence of intracranial hypertension. The first q^mptom is 
often forgetfulness. If the padent be a woman she forgets details of 
housework or to make the necessary purchases for the daily meals. If a 
man, it is remarked by his associates in business that he no longer retains 
the details of his transactions and later that he does not grasp readily 
new propositions. The patient may be omscious of these troubles and be 
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depressed by them but mote ofmn he is unconscious o£ them and more 
or less indifferent when they are pointed out to him. A young wife, for 
example, brought her husband complaining that whereas formerly he 
had been a loving and attentive husband, helping her with the house- 
work and playing gayly with the children, lately he came home and sat in 
a corner doing nothing. If she remonstrated with him or asked him to do 
something he would comply but seemed no longer to have any interest in 
her or the children. Inquiry elicited no complaint from hb employer but 
his work was of a routine manual character. His fellow-workmen re- 
marked that he had become solitary and tadturn. He was found to have 
a meningeal tumor pressing on the anterior extremity of the left frontti 
lobe of the brain. At first such a patient's faults are mostly of omission 
but soon his mental defidt may translate itself into acts which show an 
evident lack of judgment. The business-man who has always been con- 
servative and steady begins to make speculative ventures and ruins him- 
self and his associates. One patient I remember who had been the best 
salesman in a large clothing-store. His employer was obliged to dis- 
charge him because when a customer was not pleased with the price he 
would reduce it to meet the customer's wishes. When his employer cor- 
rected him he defended himself with all sorts of biaane arguments. 

Afo« frequent are lapses in the social realm. The patient ceases to 
observe those little social niceties which distinguish a person of good 
breeding. He may appear at social functions improperly dressed and in 
general manifest an evident lack of interest in his personal appearance. 
His remarks ate no longer quite proper, even positively indecent Serious 
social aberrations may appear as in the case of the young wife who had 
always been a model of deportment, faithful to her husband, and careful 
of the children. Found in bed with a strange man one day when her hus- 
band returned from work she was ejeaed from her home and became an 
ordinary streetwalker. She was brought to the hospital later in an epi- 
leptic attack and found to be suffering from a tumor of the left frontal 
lobe of the brain. After its removal she returned to her husband and, 
although she continued to suffer from epileptic attacks, her a>nduct was 
thereafter quite correa. This young woman had one quite charaneristic 
symptom. Ordinarily a patient in a hospital is fairly respectful and atten- 
tive to his physician, if for no other reason than that he knotro he is more 
or less in his power. But this w)man was wholly inattentive and uncoQp- 
erative and made the most scurrilous remarks concerning the physicians 
and nurses. This inattentive, uncooperative, and disrespectful attitude is 
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not rare when a patient has a tumor of the frontal lobes. 

It is often difficult to get these patients to take an 5 rthing seriously. 
They often reply to all questions by making inane witticisms. The sales- 
man just mentioned, when asked concerning his discharge, protested 
that he was the best salesman in the osncern, that he could even sell a 
widow a suit of clothes with two trousers to bury her husband in. A 
better exam ple of this silly jocularity was furnished by a formerly stolid 
workman who shocked his wife by holding the following conversation 
with me: 

“How do you feel this morning?” 

'With my fin^rs.” 

"I mean, do you feel well enough to go home?” 

“Don’t you think I belong better in the ashcan?” 

"Will your wife not be glad to see you?” 

"Oh, we have been married a long time; her ardor has cooled off.” 

"Why did you come to the hospital, anyway?” 

"That’s why. To get my battery charged.” 

Disorientation as to place may be quite pronounced. Many times 1 
have remarked thac these patients were unconscious of being in a hos- 
pital or, if aware of the nature of the place, thought ic was located in 
another city. This symptom recalls the gross disorientation in space from 
which soldiers suffered who had been wounded in the frontal lobes; such 
a gross disorientation, however, I have never encountered from tumor in 
this region. 

Generally these patients are indifferent, accepting such news as that 
they must undergo a serious operation with a shrug of the shoulders, but 
occasionally they may have sudden and inexplicable fits of anger and 
rarely spasmodic laughing or weeping. They are incapable of active at- 
tention and hence unable to work. Later the mental defect may progress 
almost to imbecility. The patient may become totally untidy, move his 
bowels, or pass his urine in bed and in general condua himself in a 
totally demented fashion. He becomes inoDheteni, disoriented, and un- 
conscious of his troubles. Such a mental disaster, before tiie occurrence of 
symptoms of another localization or in the absence of marked symptoms 
of intracranial hypertension, I have seen only with tumors of the frontal 
lobes, or of the corpus callosum in its anterior portion. 

I have already mentioned the disturbances of psychic regulation which 
often acojmpany tumors in the region of the hypothalamus and will 
discuss later the profound and peculiar defects associated with tumors 
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centering around the left supramarginal gyrus. They are quite different 
from the troubles I have just described which, when they occur early or 
in the absence of much intracranial hypertension, are quite characteristic 
of frontal tumors. One meets occasbnally the statement that the frontal 
lobes of the brain may be removed without any mental defect. This 
comes of confusing intellect with didactic knowledge. The most pro- 
found defects of the latter content of the mind result from injuries to 
the left occipitotemporal region. Injuries to the frontal lobes cause serious 
diminution of the ability to meet new situations and to orient oneself 
in society, more than an actual decrease in the amount of acquired in- 
formation. It seems as though some control had been removed which 
enables one to guide himself in our a>mplicated civilization so that the 
entire behavior of the patient is altered. 

The other outstanding symptom which our patient shows is known 
as forced grasping and groping (J). It seems to be associated with le- 
sions in the posterior upper and inner part of the frontal lobe, near the 
source of origin of the frontopontine ctaa, and can perhaps be pro- 
duced also by lesior>s of this projection-pathway. Most commonly this 
symptom consists of a forcible grasping movement of the hand and 
fingers when an object is pressed into the hand. It is most readily 
elicited by stroking across the palm at the bases of the proximal digits. 
When the hand has closed firmly any attempt to remove the object 
only intensifies the grip. The patient is, moreover, unable voluntarily 
to relax the grasp. The phenomenon varies in intensity in different 
cases. It may be that the patient has never discovered it but some are 
certainly acutely conscious of it. One woman had learned to open 
doors with the left hand because she was unable to pass through once 
her right hand had grasped the doorknob. She had once smashed a 
dining-set when her hand clasped the table-cover as she passed by. If 
the patient makes no effort to open the clasped hand it is seen to vary 
in the intensity of its grip and finally relaxes. When the objea is re- 
moved the hand may afterward make several incomplete grasping move- 
ment. 

Mai^ variations bf this fundamental symptom occur. The touch 
of an objea in the palm may be insu/fident to provoke it and otJy a 
strong vol'intary contraction will be followed by the persistent grip. 
A slow grasping movement may be made to light stroking of the finger- 
tips, espedally of the thumb and index. By repeating the stimulus the 
whole hand and ^m may be made to follow as to a magnet. At other 
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times the patient may be able to deposit an objea and relax his grip 
but before he <^n withdraw the liand it regrasps the object, “nie phe- 
nomena of forced grasping and groping may occur in the absence of 
any demonstrable psychic disorder or weakness of the affeaed arm. 
Patients who are able to open and dose the hand readily may be abso- 
lutely unable to relax this reflex grasp. But the symptom usually dis- 
appears as the voluntary paralysis becomes marked. 

One of the most frequent signs of frontal tumor is fadal weakness 
{418). It is controlateral and of typical central type, affecting only the 
lower part of the face. The frequency of facial palsy is doubtless due 
to the oblique direaion of the anterior central gyrus which brings the 
area of the face much farther forward than the area for the arm or leg. 
The palsy is usually more evident on emotional than on voluntary 
stimulation. Often this weakness must be sought for carefully. There 
may be only a little flattening of one nasolabial fold or a slight lagging 
of one side of the mouth in talking. If one asks the patient to open 
the mouth as widely as possible the nonparetic side is lifted outward 
and upward more than the other and the platysma stands out on that 
side mote prominently. The weakness may be brought out in other 
cases by as^ng the patient to make a violent physical effort such as to 
squeeze the hand tightly or to close the eyes firmly. 

Of course, as the tumor increases in size the entire opposite half of 
the body is involved in the paresis with the production of typical spastic 
hemiplegia. In those cases of frontal tumor, as a matter of fact, which 
show well the symptoms of forced grasping and groping the leg is 
apt to be most affeaed in the contralateral hemiparesis; this is readily 
explained by the common location of the tumor, in these cases high up 
and posteriorly near the cortical leg-area of the anterior central gyrus. 
The involvement of the motor cortex may result also in convulsive at- 
tacks which may be focal or generalized. In the latter case the attacks are 
apt to begin with turning of the eyes and head to the opposite side. 
Ginvulsive seizures on the whole are not uncommon with tumors in 
the posterior parts of the frontal lobes and may begin very early. Tem- 
porary loss of speech may occur as a sort of aura before convulsive 
movements appear. 

Nystagmoid movements of the eyes may occur, rarely as regular 
and sustained as those of a cerebellar nystagmus however. Anosmia is 
a rare symptom except in cases of meningioma of the olfaaory groove. 
Rarely tremor of the hands or incoordination of gait may appear; they 
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are usually late symptoms. Another late sympmm is anarthria if the 
tumor lies in the left hemisphere; it may be piesent only after convulsive 
attacks. There is also occasionally difficulty with conjugate deviation 
of the eyes to the opposite side. 

I remarked before that the differential diagnosis between frontal 
and cerebellar tumor was reputed to be particularly difficult. I have 
not found it so. A good chronological history is often sufficient to dis- 
tinguish them. It is true that late in the course of evolution of a frontal 
tumor, when intracranial tension is high, the patient may stagger when 
placed on his feet, as our patient did, and the head may be held stiffly. 
There also may be some ittegular nystagmoid movements of the eyes and 
tremor of the hands. But charaaeristic cerebellar symptoms such as asy- 
nergia, dysmetria, dysarthria, hypotonia, and adiadokokinesia I have 
never observed (5S). The mental obfuscation due to acute intracranial 
hypertension in cases of cerebellar tumor is usually easy to distinguish 
from the mental disturbances of frontal tumors, especially by examina- 
tion after reduction of the intracranial tension by intravenous injection 
of hypertonic solutions. Moreover, if we but remember that cerebellar 
tumors are relatively rare in adults, and are on our guard, this error 
should rarely occur. In roy experience the error made has almost invari- 
ably been to diagnose cerebellar tumor in the presence of frontal rumor 
and not the reverse; in nearly all these cases the supposed cerebellar 
symptoms were very dubious. One should have serious reasons for diag- 
nosing cerebellar tumor in an adult; if the cerebellar symptoms are not 
definite one should seek confirmatory evidence from ventriculography. 

The epileptic attacks may make one suspea a tumor of the central 
region but a tumor of the central zone never continues long to cause 
epileptic attacks without a paralysis ensuing; they are, moreover, usually 
accompanied soon by a loss of proprioceptive sensation. Whenever 
epileptic attacks recur over a considerable period of time without any 
paralysis other than a slight facial paresis the tumor should be sus- 
pected of being located in the prerolandic region. Tumors of the an- 
terior extremity of the temporal lobe at times are difficult to distin- 
guish. They cause mental disturbance, a facial weakness and, if on the 
left side, aphasia. Usually, however, the mental symptoms are slight 
and the aphasia more definite. Moreover defects in the visual fields, 
uncinate attacks, and other assodated symptoms ordinarily aid the 
correa localization. 

The greatest difficulty is to differentiate tumors of the frontal lobes 
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from tumors of the anterior part of the corpus cJlosum. The difficulty ‘ 
is sometimes insurmountable, the reason being that the corpus callosum 
is a great associating tract between the frontal lobes. The presence of 
bilateral pyramidal symptoms may mahe one suspect the correa diag- 
nosis of callosal tumor in certain cases. The rather indefinite syniptoms 
cult at times to determine which fmntal lobe is involved. The facial 
of callosal tumors will be discussed later (page 298). It is often diffi- 



Fig. 103. Mediaa section of brain with cystic astrocytoma of the cetebellum. 


weakness I have found to be of the greatest help in this regard. The 
choking of the homolateral opdc disc is said often to be greater, but I 
have found this mo inconstant to be of value. Sometimes it is necessary 
to resort to a ventriculogram which for this purpose is very reliable. 

The mental symptoms of tumor of the frontal lobes, before the on- 
set of intracranial hypertension, may be confused with those of general 
paresis, senile dementia, or more often, presenile dementia. General 
paresis is usually excluded by the condition of the pupils and by the 
serological reactions, but presenile dementia is more difficult to differen- 
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date and 1 have often been obliged to adopt an atdtude of watchful 
waiting or to resort to ventriculography in order to establish the diag* 
nosis. Twice I have diagnosed presenile dementia by biopsy of the 
cortex cerebri. We will discuss these difficult diagnoses in more demil 
later. 

In both of the foregoing patients the tumor was of the same nature, 
a glioma of the type known as an astrocytoma. And it is a strange faa 
that these tumors usually cause symptoms during childhood when they 
are situated in the cerebellum whereas in the cerebral hemispheres they 
remain silent into adult life. The difference in part may be explained 
by the fact that cerebellar tumors in general cause symptoms earlier 



Fig. 104. Cross seaion of brain with cystic astrocytoma of the right frontal lobe, 
somewhat similar to the condition which must have existed in Casb XXVL 

because they ate situated where they early block the circulation of 
cerebrospinal fluid. 

It will be noted also that in both of our cases the tumor was cystic 
The astrocytomas have a peculiar tendency to become cystic. The cyst 
has a smooth glistening lining and is filled with a straw-colored or 
sometimes orange-colored fluid which tends to clot when exposed to 
the air. The fluid’s content of albumen is very high and its color is 
due to the presence of bile-pigment. The cyst seems to be formed by a 
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liquefaction of the neoplastic tissue but the cystic fluid is undoubtedly 
formed mainly by transudation from die bloodstream. If emptied out 
the fluid is rapidly reformed and is soon under a high tension. At some 
part of the wall of the cyst is usually to be found a mural nodule, or 
larger mass, of tumor. It projeas into the cavity irregularly; often it 
has a yellowish or grayish color. At times the cyst is completely sur- 
rounded by tumor (Fig. 103), or one part of the wall is tumor which 
does not project into the cavity (Fig. 104). 

But astrocytomas may be solid. Such tumors, and the mural nodules 
of the cj^ as well, are usually firm and avascular. The cut surface 
is grayish in color, approaching that of the cerebral gray substance. 



Fig. 105. Drawing of microscopical preparation of an astrocytoma 


Small cystic cavities are usually scattered throughout but rarely hemor- 
rhages or fatty degeneration. These tumors were called by the older 
pathologists glioma durum. These tumors are not clearly circumscribed 
although they may seem to be when examined with the naked eye. It 
is possible at operation to think one has found a capsule beause the 
cerebral tissue is so much softer that a false line of cleavage may easily 
be forced in an attempt to enucleate the growth. Some astrocytomas, 
however, paniculacly of the cerebral hemispheres, are soft and mushy 
in <»nsistency. 
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The MICROSCOPICAL STRUCTURE is quite typical (Fig. 105). The 
astrocyte was for long the only interstitial cell which could be clearly 
identified, particularly after Weigert had perfeaed his method for the 
fibrils of the fibrillary ones. For many years, therefore, these fibrils 
were searched for in brain-tumors and when found a diagnosis of glioma 
was made. The demonstration by Cajal of the protoplasmic astrocytes 
of the cerebral cortex soon led to the recognition of the other astrocy- 
tomas in which the cells did not form fibrils. We recognize, then, 
astrocytomas of protoplasmic and of fibrillary types but most of them 
are transitional (Sd) . A typical fibrillary astrocytoma when examined at 
low magnification is seen to be composed essentially of a feltwork of 
fibrillary material within which are scattered nuclei and small bloodves- 
sels. The feltwork can be shown to consist not alone of fibrils but also of 
numerous protoplasmic processes of the astrocytes. Ac a high magnifica- 
tion the star-shape of the neoplastic cells is evident; nearly always the 
cells have many processes which leave the perinuclear cytoplasm in 
all directions. Within the processes lie the fibrils. The perinuclear cyto- 
plasm is usually very scanty but a characteristic early degenerative 
change results in a swelling and hyalinization of the cell-body and the 
displacement of the nucleus to one margin. The nuclei are oval with a 
fine network of chromatin. The nucleoli are not prominent. Mitotic 
figures are rarely seen. Bloodvessels are scarce and have thin walls 
of connective tissue. The neoplastic astrocytes rarely have well-de- 
veloped vascular processes, but the processes seem to form a sort of 
glial wall around the vessels. Here and there the tissue seems to undergo 
a liquefactive necrosis which results in the formation of cysts fiJl«l 
with a homogeneous jelly-like substance; in these regions the meshes 
of the feltwork may be much distended. In other areas the fibrils are 
compressed into parallel bands by the pressure of the cystic fluid. 
Hemorrhages and fatty degeneration are rare. Not all of the cells have 
the typical star-shape. Many are hisiform with, however, several fibril- 
lary processes extending from the poles. These fusiform cells may have 
considerable cytoplasm containing granules of unknown nature, rarely 
pigment. Typical astroblasts are uncommon. 

The relative number of fibrillary and protoplasmic astrocytes varies 
in different astrocytomas. Those of the cerebral hemispheres of adults 
are often composed of protoplasmic cells; these are soft, friable 
growths. They are peculiarly liable to a sort of hyaline transformation 
of the cells with matting together of the processes so that a pseudosyn- 
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cydum results. The protoplasmic tumors give much more evidence of 
growth. Multinucleated cells are frequent and appearances of amitotic 
division of the nuclei are found. In some areas collections of spongio- 
blasts may give evidence of the possibility of malignant "dedifferentia- 
tion.” The protoplasmic astrocytomas also are usually cystic. The cysts 
have a characterisdc smooth shiny lining which is composed of compaa 
processes and fibrils of the neoplastic cells. 

There is at present no means of making a diagnosis of astrocytoma 
before operation. At operation the grayish avascular neoplastic tisue 
is fairly characteristic, but a spongioblastoma or ependymoma may look 
very similar. Tlie finding in the cystic cavity of clear, yellow fluid which 
clots when exposed to the air is presumptive evidence only, because 
such cysts are found also in other gliomas. However, in the other fre- 
quent type of glioma — glioblastoma multiforme — the fluid is darker 
due to the presence of hemosiderin and cloudy from debris and fat 
The cyst of an astrocytoma ts smooth-walled and glistening; that of 
the glioblastoma muiciforme is a ragged cavity rather than a cyst. It 
is sometimes difficult to distinguish microscopically the astrocytoma 
from a gliosis. The distinction may usually be established from an 
examination of the vascular processes, which are prominent in a gliosis 
and feeble in the astrocytoma. The grt»s appearance may help, since 
the astrocytoma is an expanding lesion and the gliosis a contracting one. 

The TREATMENT of zswxytomas is very satisfactory. They are es- 
sentially benign lesions, although there is evidence that the protoplasmic 
ones may rarely undergo a malignant "dedifferentiation” especially in 
the cerebral hemispheres. Moreover, they are relatively avascular which 
makes their surgical manipulation easier. The faa that they are often 
largely cystic reduces the mass of the tumor and the emptying of the 
^st gives the surgeon room to manipulate. Provided the mass of the 
tumor does not lie in a vital spot of the brain these tumors may be 
extirpated with confident expectation of permanent relief. It should not 
be forgotten, however, that when a cyst is present it is necessary to re- 
move the mural tumor else the cyst will refill and the symptoms will 
soon return. 



Chapter 13 

OUGODENDROGUOMA 

SYNDROME OF THE PARIETAL LODE THALAMIC SYNDROME 

SYNDROME OF THE APHASIC ZONE 

Since the oligodendroglia is so closely related to the neuroglia and 
all transitions can be found normally between the two types of inter- 
stitial cells one might confidently expect to find also gliomas composed 
essentially of oligodendroglia. I first published (31) this hypothesis in 
1924, but only recently have the m^ods of demonstrating oligoden- 
droglia become sufficiently perfected to establish this type of glioma as a 
definite entity (44). 

Oligodendrogliomas are predominantly tumors of the cerebral hemi- 
spheres of adults but are not the only gliomas which occur there. Three 
types of glioma are frequently found in the cerebral cortex — the proto- 
plasmic astrocytoma, the olig(^endroglioma and the glioblastoma multi- 
forme — but none of them has any definite predilection for a particular 
region of the cortex. It so happens that our cases of oligendroglioma 
have marked sensory symptoms so that it will be convenient to discuss 
the sensory system in connection with them. 

The first patient with a tumor of this kind which I wish to demon- 
strate was operated upon only three days ago and is still rather ill but 
I have chosen her because of interesting sensory symptoms which I fear 
will disappear in a few days. She is a housewife of forty-one years (CASE 
XXVII ), previously well except for a transitory jaundice, "nervousness," 
and occasional headache. Just six months ago she began to suffer from 
almost constant diffuse headache. Three months later double vision 
occurred so that since that time she acquired the habit of keeping 
the right eye closed. Occasionally she vomited but complained of no 
other symptoms except photophobia for the last few weeks. 

When admitted to the hospital she was disoriented, restless and 
inattentive. There was a weakness of the right external rectus muscle, 
a few unsustained nystagmoid movements on lateral deviation of the 
eyes, and bilateral choked discs of four diopters elevation. The other 
cranial nerves were normal; there were no signs of lesion of the pyra- 
midal tracts and no sensory changes could be determined. There was 
262 
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a right upper hononymous defect in the visual fields (Fig. 106). 
General examination of the viscera was normal. In the roentgenogram 
was seen a diffuse calcification of the left occipitotemporal region (Fig. 
107). From its situation and character the calcification was judged to 
lie within a glioma. Because of its situation also, presumably under- 
lying the posterior temporal and angular gyri, ir was thought probable 
that unless the tumor happened to be cystic little could be accom- 
plished except to remove the bone and leave a decompression. 

An osteoplastic exploration was made in the left occipitoparietal 



Fig. 106. Visual fields from G^SE XXVll before operation. 


region with its base in the temporal region. The dura mater was very 
tense. An ej^loring needle entered a cystic cavity at a depth of four 
centimeters and a little yellowish fluid spurted out under great tension. 
This w-as immediately followed by bright red blood. The dura mater 
was then opened hastily. The brain herniated slowly and progressively 
through the opem'ng. It was thought that a hematoma was forming in 
the depths; so an indsion was made into the cortex high up, as near 
the midline as the bony opening permitted, and was rapidly carried 
downward and inward until tumor was encountered, A large portion 
was removed with an electric scalpel. No hematoma was encountered. 
At die end of the procedure the tension of the brain had been relieved, 
but the cortex which had been undermined looked to be badly contused- 
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The patient recovered promptly from the operation although col- 
lections of cloudy fluid, resulting from the use of the electric scalpel, 
have had to be repeatedly evacuated from under the bone-flap. She is 
oriented and surprised to find herself in Qiicago. She feels quite well 
except that she has difficulty in speaking. Analysis of the difficulty 
of speech indicates that comprehension of spoken language is little 
if at all aJfeaed, but reading is impossible. There is some difficulty 
also in finding words and in naming objects, but expression of speech 
is intaa. We will return to these troubles later. 



She complains principally of difficulty in using the right arm. When 
we examine it we find it quite flaccid but the strength of the various 
muscles is practically as good as that of the corresponding muscles 
of the left arm. The tendon-reflexes ate equal in the two arms. Never- 
theless it is very difficult for the patient to perform purposeful move- 
ments with the right arm. If I ask her to drink from this glass of 
water, the movement of the hand toward the mouth is irregular, 
the mouth is missed and the water spilled. The difficulty of using the 
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arm is much greater •when the eyes are closed. The patient herself is 
quite conscious of this fact and <X)mplains that when die right arm 
is under the covers of her bed she loses it and does not know where 
it is until she can see it again. If we now extend the two arms sym- 
metrically on the bed and dose the padent's eyes, after a few moments 
you see a strange phenomenon. The right arm begins to make irregular 
movements and soon wanders to a considerable distance from its original 
place. The patient meanwhile is quite unconscious that this arm has 
dianged its positbn; the sense of position in this arm is totally lost. She 
does not know when I manipulate the fingers whether they are flexed 



Fig. 108. Visual fields from Case xxvii after operation. 


or extended. Fortiiermofe she t mcapa6/e of recognizing oh/ects p/aced 
in her right hand. You may think this is due to her inability to manipu- 
late the objects, but in the left hand she recognizes the same objects 
promptly when they are merely pressed against the palm although 
occasionally she is at a loss for the name of the object and has to in- 
dicate its use by gestures. The sensory loss in the right arm has been 
very carefully analyzed. There is a complete astereognosis and complete 
loss of sense of position. Touch is less acute over the right arm than 
over the left and she is unable to locate a touch or to discriminate two 
points. Pain and temperature are felt all over ‘the right arm but less 
acutely than over the left one. Vibratory sensibility she insists is more 
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acutely felt over the right arm. No sensory or motor disturbance can 
be found over the leg and trunk. There is also a complete right hemia- 
nopia, except foe the macula (Fig. 108) . 

Aside from the nature of the sensory loss, the limitation of the 
defcCT to the arm is sufficient evidence that the causative lesion is corti- 
cal, an acute cortical damage at the time of operation. And you should 
note that there is not a general decrease in sensory acuity over the arm 
but that the sensory loss affects variously different senses; in particular 
pain and temperature are little affeaed. We are apt to think that all 



Fig. 109. Visual 6elds from Case xxvjii. 


conscious activities reside in the cortex but there is much evidence to 
lead us to believe that the thalamus b able, in the absence of the cortex, 
to perceive painful stimuli. At any rate it b certain that lesions of die 
thalamus cause not only alterations of sensibility but actually spon- 
taneous pains in the opposite half of the body. These alterations of 
sensibility are so characteristic that they are spoken of as constimting 
part of the thalamic syndrome. 

I have never observed a fully developed thalamic syndrome in a 
case of tumor of the brain but thb second patient has undoubtedly 
evidence of involvement of the thalamus. He (case xxviii) b a man 
thirty-seven years of age who v.’is always well until a year ago when 
he began to suffer from double vbion. Two months later the right eye- 





OLIGODENDROGLIOMA 


267 


lid began to droop and after a few weeks he could no longer raise it 
About this time he began to be drowsy and had great difficulty in stay- 
ing awake at his work. He had no pain or discomfort and came to the 
clinic five months after the onset because of the trouble with his eye. 

There was found to be a complete paralysis of the third and fourth 
cranial nerves of the right side. The visual acuity of the right eye was 



Fig. 1 10. Sdieme of rococgwiognun from Case xxviir. OJctficatioo behind 
and CO the right of die sella turcica. 


0.3+1 and of the left eye 1.0+2. There was a left homonymous hemi- 
anopia involving also the macula (Fig. 109). The fundi appeared 
normal; there was no choking or atrophy of the optic nerves visible. No 
other paralyses or loss of sensation could be found but roentgenogram 
of the head revealed a patchy faint area of calcification about 8 mm. in 
diameter lateral to and slightly behind the sella turcica in the right 
temporal fossa (Fig. 110). The sella turcica itself was normal and so 
were the optic foramina. The patient was alert and cooperative. A diag- 
nosis was made of calcified tumor of the inner part of the right tempord 
lobe. A decompression was advised as a preliminary to roentgen-radia* 
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tion since little hope was entertained of accomplishing the removal of 
the growth unless it were cystic. 

An osteoplastic craniotomy was therefore made in the tight temporal 
region and an immediate subtemporal decompression performed. The 
dura mater was not tense. It was opened in the temporal region. The 
exposed surface of the temporal lobe appeared practically normal. An 
incision through the second temporal convolution entered the tem- 
poral horn of the lateral ventricle. Another incision was made lower 
and anteriorly; at a depth of 5 cm. it came upon the surface of a 
tough grayish mass, not clearly separable from the cerebral tissue. 
Fragments were removed for microscopical study which proved the 
tumor to be an oligodendroglioma. After operadon the patient was 
very drowsy and his left atm was weak. He had also a low fever and 
bronchitis for several days. He gradually improved and was discharged 
three weeks after the operation. At that time he was still drowsy. The 
palsy of the third and fourth nerves was still complete and the hemian- 
opia persisted as before. The decompressed area was not bulging. 

It is now four months after operation. He has been given exten- 
sive toemgen-tadiation. He has deteriorated menially as is quite evi- 
dent from the faa that his bed is smeared with feces. He is obstinate 
and uncoSpetative. Tbe decompressed area is soft and bulges only slight- 
ly. There is still a complete palsy of the third and fourth nerves of the 
tight side, and a left homonymous hemianopia. There is evident primary 
atrophy of the right optic nerve; the left is practically normal. There is a 
slight left facial weakness evident on eraotbnal stimulation. The tendon- 
reflexes on the left side are brisker and there is an extensor plantar 
reflex. There is a left heraipaccsis but without clonus or spasticity. 

His wife, who is a trained nurse, tclk us that he does not like to 
have the left side of his body washed and yesterday he would not al- 
low the barber to shave the left side of his face. In spite of his un- 
cooperativeness we can perhaps determine the nature of this hyper- 
sensitivity. He does not respond to touch on either side of the body 
but.this is due simply to obstinacy or drowsiness or both. To pinprick 
on tiie right side he responds by withdrawing the limb pricked or by rub- 
bing the pricked part, locating the stimulus fairly accurately. On the 
left sid^he complains bitterly of a pin-prick but makes no attempt to 
brush aw^y the offending stimulus. To a tube of hot water he makes 
no response and very-litris'to cold water on the right side but makes 
birter complaint if touches) with a cold object anywhere on the left side. 
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It is impossible to make a complete and careful sensory examination 
but we have enough evidence to conclude that the neoplasm has in- 
vaded the optic thalamus. 

You may recall that the thalamus is composed of a dorsal part, the 
thalamus proper, and a ventral part called the subthalamus. The lat- 
ter is an important motor coordinating center and receives fibers from 
the dorsal part of the thalamus and from the corpus striatum. Its 
principal nucleus is called the nucleus subthalamicum (of Luys). Le- 
sions of this body cause irregular movements, of the opposite extremi- 
ties, known as hemiballismM (353). The thalamus proper (488, J03) 
contains many nuclei which may be divided into a phylogenetically 
older group, situated medially and consisting of the medial and anterior 
nuclei, and a neothalamus whidh is an appendage of the cerebral cor- 
tex: The neothalamus contains the nuclei ventrales lateralis et posterior 
(which receive the medial, spinal and trigeminal lemnisd), the pulvi- 
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nar, the lateral geniculate bodies (which receive the optic tracts), and 
the medial geniculate bodies which receive the acoustic lemniscus (Fig. 
111). Injury to the nuclei of the neothalamus will therefore cause varied 
defects of sensation depending upon the exact nuclei involved, but 
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when one speaks of the thalamic syndrome ordinarily a very definite 
association of phenomena in one half of the body is meant (2^1), to 
wit: 

1. A hemihypesthesia involving mote the deep sensibility than the 
superficial. 

2. Hemiastereognosis, more or less complete. 

3. Persistent, paroxysmal, intolerable, spontaneous pains in the side 
involved. 

4. Sometimes choreoathetotic movements, hemiataxia, or even a 
mild, usually transitory, heroiparesis. These motor symptoms result 
largely from involvement of adjacent strucnires, notably the subthala- 
mus, and are often absent. 

The most charactetisric examples of this thalamic syndrome are pro- 
duced by thromboses of the posterior cerebral artery ( 198 ), and the 
lesion usually involves the postetolatetal part of the lateral nucleat 
mass. The alteration of sensibility in these cases is quite unique. The 
spontaneous pains may occur in any pan of the half of the body in* 
volved. Ihey are not sharp definite pains but are described as boring or 
tearing; at any rate they are so disagreeable to the unfortunate patient 
that they may even drive him to suicide. Paresthesias of other types 
may also be present in the nature of ridding, crawling sensations. All 
these disagreeable impressions are exaggerated by cold and calmed by 
heat. Any emotion is also apt to increase them, especially sadness. When 
examined objectively one finds taaile, painful, and thermal sense of 
diminished acuity but the defect involves especially the deep sensibility 
so that sense of position and stereognosis may be completely lost. Al- 
though there is a hypo-algesia, painful stimuli nevertheless have a very 
disagteeable quality and radiate (tom the area stimulated. Aside from 
the spontaneous pains with their charactetisric exacerbation by cold and 
emotion the sensory loss resembles that due to lesions of the cerebral 
cortex and this is readily understandable when we remember that the 
neothalamus is the last relay-station in the pathway of sensation to the 
cortex. 

The SENSORY LOSS FROM LESIONS OF THE CEREBRAL CORTEX 
( 251 ) is always confined to the opposite half of the body and predomi- 
nates in the limbs, particularly their disml parts. All forms of sensation 
are disturbed by lesions of the cortex, but very unequally. Sensation of 
pain is least altered, at most the patient may state that pin-prick is 
plainer on the unaffected side of the body. The distinction of minor 
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differences of temperatures is more difficult after cortical lesions but 
rarely is there any marked loss of thermal sensibility. There is usually 
little alteration of tactile sensibtliq? by the usual examination with 
cotton-wool, but more careful examination will demonstrate a great 
irregularity in the patient's responses and a threshold for tactile sensa- 
don cannot be obtained. Sensibility to vibradon is unaffected. 

More distinct losses in sensitivity occur tn the field of the proprio- 
ceptive senses. A patient after a cordcal injury is no longer able to 
appreciate the extent or direcdon of movement of the joints, or the 
posidon of parts in space, and so also unable to appreciate differences 
in weight. *1116 ability to recognize the shape of an object placed in the 
hand is often lost; this ability is known as stereognosis and should be 
clearly disdngulshed from the capadty to identify objects imder the 
same condidons. The latter capadty is also disturbed by lesions of a 
nearby part of the cortex. Stereognosis is usually lost along with loss 
of sense of posidon and inability to localize touch. 

It is known that the location of a tactile stimulus is very accurately 
appreciated over the extremities and face, although Jess certain over 
the trunk, pardcularly the back. After lesions of the sensory cortex 
this capacity is grossly disturbed. The discrimination of the quality of 
caedie sctmuli is also disturbed; it may be tested in many vrays bur in 
the clinic it is usually done with a compass. The distance of separa- 
tion of the two points necessary for diem to be perceived as two stimuli 
when simultaneously applied to the skin is taken as a measure of the 
delicacy of tactile discrirainadon. The disturbances of general sensi- 
bility from cordcal lesion most easily demonstrated are difficulty of 
rea>gnition of posture, distinedon of form and two-point discrimina- 
don. 

The zone of the cerebral cortex from which these disturbances may 
be obtained includes the posterior antral gyrus, the superior parietal lo- 
bule, and the supramarginal gyrus, at least in part. There is no general 
agreement as to the distribudon of die different modalities of sensadon, 
but it seems that the more complex disturbances, such as astereogno- 
sis, may be elicited from a much lar^r area than the simpler disturb- 
ances, such as loss of sense of posidon which is much more profound 
as the posterior central gyrus is approached- Much more certain is the re- 
gional distribution of the sensory changes. There is no doubt that the 
distribudon in the posterior central gyrus corresponds to the motor dis- 
tribution in the anterior antral gyros, the leg being represented nearest 



272 


INTRACRANIAL TUMORS 


the midline, followed by the trunk, arm, and face. The ulnar border of 
the arm is nearer the midline than the radial. Numerous cases of cortical 
anesthesia have been observed in which the radial border of the hand 
was involved simultaneously with the face, especially the corner of the 
mouth. The neck seems to be near the mink. The representation of the 
limbs is much more extensive than that of the trunk and the area of 
the hand and fingers is particularly extensive. Anesthesias confined 
largely to one or two fingers have been observed. 

Each of these two patients has a hemianopia, but the visual path- 
ways are injured at a different level in the two cases. The first patient 
had an upper quadrantic defea before operation, clearly caused by le- 
sion of the optic radiation. This defea was completed to a hemianopia 
by operative trauma of the parietal region. An isolated lesion of the 
parietal lobe will sometimes cause a lower quadrantic defea although 
this is much less frequent than the upper quadrandc defea of tem- 
poral origin (cf. p. 289) • The second patient had a complete hemianopia 
at the onset even before any symptoms of inaeased intracranial pres- 
sure appeared. The associated lesion of the third and fourth nerves 
makes it probable that his hemmnopia was the result of involvement 
of the optic tract (319). 

We noted that the first patient had difficulty in reading and in nam- 
ing objects. She tired too rapidly for us to examine these defects in 
detail. It is, however, very important for the physician to be able to 
recognize difficulties in speech of cerebral origin and to be able to 
evaluate them correaly because the cortical mechanism of speech is 
located in the left cerebral hemisphere of right-handed persons and the 
charaaer of the defect in speech varies with the location of the lesion 
in this hemisphere. To give you some idea of the nature of these cere- 
bral defects of speech, or APHASIAS as they are called, I have brought 
up this other patient (case xxix) who has a global defea involving 
almost all aspeas of speech. He is a well-educated man of fifty-seven, 
a.teachet of manual training in a high-school. He had always been well 
and efficient in his teaching until some three months ago when he be- 
gam^o have difficulty in finding words to express his thoughts. We need 
not ^ into details concerning bis history which is irrelevant here. Suf- 
fice it'jo say that he was operated on some weeks ago and a cortical 
glioma 'was removed from the region of the supramarginal gyrus of the 
left hemisphere. He did not have before operation, nor has he now. 
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any signs of increased intracranial tensiorL All of his symptoms are 
due to destruction of cerebral tissue by the tumor. He has now returned 
to the hospital for further roentgen-radiadon. You saw that he walked 
normally intt> the room, took a diair, picked up the newspaper and 
looked at it listlessly, put it down again and now sits with a dejeaed 
look on his face. There is no defect in his visual acuity; he sees quite 
well what is in the paper. If we tty now to engage him in an ordinary 
conversation you will soon perceive his real difficulty; 

"How have you been feeling these days?” 

"Slipping around — broken — let’s see — 

"How have you been feeling these days?” 

"When you ame out you felt pretty good — and I don’t know any 
more.” 

"What do you do at home these days?" 

"I don't do anything, doc” (laughs). 

"Have you tried to do any manual training work?” 

"Not since you’ve been here. I don’t get a chance.” 

"Do you have any children?” 

"Nobody but two boys — the old boy is president — no— he 
works — anyhow he works in the dty — and the older one works at 
school and is at home.” 

"How old are they?” 

"Ohl the old one is twelve — • no, the oldest one is fifteen — and 
the other one is twenty — no fifteen or something like that — fifty- 
five or six — no, he cakes less than that.” ‘ 

"Where were you teaching school?" 

“I was — isn’t it funny to take a dig down like that — oh, I just don't 
know anything" (weeps). 

You have seen that he is rarefy able to say what he wishes to say, 
is conscious of his defect, and deeply affeaed by it. In the course of 
the conversation other typical aphasic alterations of speech occurred. 
He spoke of himself in the second person; this is called agrammatism. 
He misused words; this is called paraphasia. And he repeatedly used 
the same word where it was not appropriate; this is called persevera- 
tion. We will now try to analyze his difficulty in more detail and begin 
by testing his comprehension of speech. In making thb examination 
one should always begin with simple tests. 

"Qose your eyes.” He does it promptly. 

"Put out your tongue.” This is also done cotrealy. 
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“Put four finger on your nose.” You see that he first put out his 
tongue again, seemed pU2zled and now looks inquiringly at me. 

"Put your finger on your nose.” He stops to think, uies to repeat 
the command and is completely lost. 

"Take off your glasses." He does so immediately. 

"Put your finger on your nose.” He hesitates and then places his 
finger on his cheek. 

"Show me your nose." He is unable to do so and says, "You get me 
mixed up." 

"Show me your ear." He docs so correctly. 

"Put jour finger on your ear." It is promptly done. 

"Put your finger on your nose." He does so at once, an instance of 
the typical variability of response so charaaeristic of cortical lesions as 
we saw also in studying the sensory defects of the former patient. 

We have easily demonstrated that this patient has a relative in- 
comprehension of oral language. With patients having slighter aphasic 
defects it is necessary to use more complicated demands and in par- 
ticular those involving the distinaion of fight and left. Another favorite 
test I am sure this patient will be incapable of executing. 1 place before 
him three blocks of varying size and command him to keep the large 
one for himself, to throw the small one on the floor and to give the 
middle-sized one to me. He hesitates and finally executes at random. 
Responses involving movements of the extremities as evidence of com- 
prehension are used because there is often a concomitant disrurhance 
of verbal expression whereas the use of the hands is less often dis- 
turbed. Writing is sometimes used as a medium of expression by these 
patients, but is also frequently disturbed. 

We saw him looking at the new’spaper a while ago. Let us see 
whether he can read. He takes the newspaper and turns it around. I 
gave it to him intentionally upsidedown. He begins to Spell, pointing to 
the letters with his finger, (bonus) "I can’t tell — O — Man — I can’t 
get it — g"; (given) "g-i-n-e-n"; (becomes) "b-e-g-o-m-e-g"; 
(months) "m-o-M — can't get it — H — G.” He skips many words 
and makes no attempt to pronounce the words he has spelled. It Is 
obviously too difficult for him. I will print simpler words for him and 
show them to him so that he gets a total impression of a single word. 
(nose) correaly read, (eye) correaly and promptly read, (bar) 
"e-e- That's just an E." (bye) (nose) correctly read, (hand) 

"e-E-.” (nose) "nose.” (hat) — ^"hat." (eye) "eye." (dog) "dog." 
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(cat) "cat.” (ear) "e — east” — lost — (nose) — "gave it the wrong 
dog” — (hand) "hand " You doubtless have remarked again the vari- 
ability of response and the perseveration. We will try him with simple 
written commands, (close your eyes). He reads it aloud correaly to 
our surprise but makes no attempt to carry out the command. When told 
to read it and do what it says he reads again correaly but makes no at- 
tempt to execute the order. It is obvious that he has great difficulty in 
understanding written language. This difficulty is known as alexia but 
varies in different patients from an inability to grasp completely the 
meaning of a paragraph to an inability to interpret even single letters. 

I have asked to have his lunch served to him here. I want you to 
observe that he eats without any difficulty. He has apparently no trouble 
with manipulating common objects. Yet yesterday he was taken to the 
department of occupational therapy, given materials and tools and told 
to build a bird-house. He began at once, was disgusted with the saw, 
sought about for a file but was unable to use it in sharpening, then 
proceeded to measure out and construa the house which you see here. 
Ic would be a creditable performance for a beginning student but not 
for an instructor. It is very evident that the edges are not even and 
the angles not square. There is difficulty especially if he is given a 
strange task to perform. He has told me tl^t be never smoked. We will 
^ve him a cigarette and a box of matches, a common test for these 
troubles, and see what he will do. He puts the dgarettc in his mouth, 
opens the box, takes out a match, scratches it, and lights the cigarette. 
Then he holds the match without extinguishing it until it burns his 
fingers. He tries to blow it out without taking the cigarette from his 
mouth, shakes his hand because of the pain and makes a whistling 
noise with his mouth which allows the cigarette to fall. He looks rather 
sheepish. The difficulty in mantpulaung objects in the absence of paraly- 
sis or sensory disturbance is called apraxia. It may be almost purely 
a difficulty in im'tiating voluntarily movements of the arm; it is then 
usually unilateral, involves the left arm and is often accompanied by 
some paresis of the right arm. When it involves the right arm this 
motor apraxia is usually implicated and masked by the paresis of the 
same atm. When the apraxia is bilateiul it is never purely motor but is 
accompanied by aphasic, sometimes by sensory symptoms, and is called 
ideomotor apraxia to indicate that it is seosndary to a more funda- 
mental mental deficit. Of course a patient may be unable to perform 
certain acts purely from an intellectual deficit; he is then said to have 
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an ideational apraxia, but the terra apraxia really should not be used 
for the troubles of manipulation observed in profound dementia or 
amentia. 

Much more striking is the fact that the patient has lost not so much 
the use of objects but their names. Thu can be easily demonstrated. 

"What do you have in your hand?" (tcwst) 

'Tve got — -this — bread.” 

"What kind of meat is on your tray?" (bacon) 

“This is — was — I don’t know.” 

“What is in your cup?” (coffee) 

“It’s a — oh, let’s see — I don’t know.” 

'What do you have in your hand?” (spoon) 

'Whiskey” — (laughs) "I come pretty dose to it — yet.” 

'What are you eating now?” (bacon) 

“Meat." 

"What is that?" (apple) 

"Boc — bot — I told it over there once — I don’t know what is now.” 

'What are you eating now?" (bacon) 

"Uh — I don’t know what that man — I can’t find that thread.” 

’This loss of the names of objects is called anotnu. You will note 
that his response is “I don’t know.” When an aphasic cannot say cer- 
tain words it may be that the trouble is one of enunciation, in which 
case the patient will protest that he knows the word but cannot say It. 
In the present instance the names are for^tten. It is a very common 
symptom of aphasic patients. Names are symbols of objects which we 
use in speech and anomia is only a part of a more genera! disturbance 
of symbolic representation. We can show this by testing his power to 
calculate. We begin with a simple addition of 365 and 421. He adds 
6; "see, this goes over and over"; puts down 8, then scratches it and 
ai2isS';be £nen says“s:x"'but puts down”/ and arrives at fhesumtfi 
796. We try him again with 342 to add to 537. He adds 7 + 2 = 9; 
says “four plus three are seven” but writes a 9 and then changes it to 
an 8; and 5 + 3 he adds again 9- Petsevetation is evident. It is useless 
to insist; he cannot make more complicated additions and is totally 
unable to multiply or divide. 

We have noted that he is unable to say many things and we can 
convince ourselves that this inability is not wholly to be accounted for 
by loss of vocabulary if we test his ability to repeat, 
cat “cat” nose 


“hose — dog — ” 
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dog 

"dog" 

eye 

"eye" 

nose 

"nose" 

cat 

"cat" 

nose 

ij! 

nose “no — dog — can't make 

eye 

"eye" 

hand 

"hand" 


The phenomenon of perseveraiioft appears agaia And now we can 
perhaps demonstrate something quite peculiar to aphasics. I ask him 
to repeat after me the familiar song, "My country 'tis of Thee.” He is 
totally unable to do so but when I ask him to sing it he does so spon- 
taneously and correaly. Whatever he is able to say is articulated cor- 
rectly. Tlie inability to speak when the names of objects are retained 
(as proved by writing or otherwise) and spoken language is under- 
stood (as proved by the execution of spoken commands or otherwise) 
is called anarihria. It varies in intensity from a slight difficulty causing 
circumlocution to an absolute inability to make anything except in- 
articulate sounds. This symptom rarely occurs alone but is usually asso- 
ciated with aphasic troubles as in our patient. 

To complete our examination we might have the patient write. He 
IS unable to write anything spontaneously except his name but can copy 
simple words either in script or print. He has in other words an agrapl^. 

The disability of speech which thtf patient has was formerly spoken 
of as motor aphasia and the incomprehension of speech as sensory 
aphasia. But in our patient the auditory acuity and range is normal, 
and the visual acuity is normal although there is a homonymous defea 
in the visual fields. Moreover there is no auditory or visual agnosia 
except for symbols. If I jingle behind the patient a bunch of keys and 
ask him what the noise is he answers "metal." If I ring a bell he says 
"church." Whistling is correctly interpreted. Allowing for his para- 
phasia and Joss of vocabulary it is obvious that he interprets correctly 
simple noises. If we place before him a group of small balls of colored 
yarns he cannot name the colors but matches them quickly and accu- 
rately. Hk trouble is not with sensation but with the interpretation of 
symbols. 

But we must not get ourselves mixed up with the interpretation of 
the various phenomena which we have observed. We will simply re- 
mark that, although out patient has lost much of his acquired knowl- 
edge, is seriously handicapped in the solution of new problems, and his 
intelligence is seriously impaired, his personality is to a certain degree 
intact. His wife remarks that he is "only the shadow of his former self' 
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and yet he is tidy, never profane, always courteous, quite conscious of his 
defects, and much affeaed by them. How different is his conduct from 
that of a patient with a tumor of the frontal lobe of the brain! 

I would like you to keep in mind the picture of our first aphasic 
patient. He is listless, dejected, and weeps easily. He answers fre- 
quently “ I don’t know" and we have convinced ourselves that he really 
does not know, that he has lost a great deal of his internal speech and 
that his intelligence is thereby greatly reduced- Now contrast him with 
this next patient whom you have seen before (case xii). He walks in 
with a decided limp because he has a right spastic hemiplegia which 
predominates in the face and arm. A large tumor was removed from 
the left posterior frontal region. Note that he is alert, eager, smiling 
and that his eyes sparkle with intelligence. He is a veteran of the great 
war. 

"How do you feel this morning?" 

"Fine." 

"How long is it since your operation?" 

"Ugh — ugh — fine — ugh — ugh — doggone! " 

"Do you know what you wish to say?" 

(Nods his head vigorously) "Fine." 

"Where did you enlist in the army?" 

"Winnipeg.” 

"What state is Winnipeg in?" 

"State of— (snaps fingets) — gosh — gosh" (snaps fingers again)*— 
"doggone — can't say." 

"Ontario?" 

"No." 

"Manitoba?” 

"Fine.” 

"Can you say Manitoba?" 

"Mani — Manitowa." 

During this time you have noted that he makes constant facial con- 
tortions as though he could not get the wordi past some obstruction. 
We note also the repetition of the srord "fine” and the ejaculation of 
"dog gone" which recurs frequently. He insists consantly that he usu- 
ally knows what he wants to say but cannot get it out. We can readily 
convince ourselves that this is the actual situation. We will begin with 
his comprehension of speech. 

“Qose your eyes." Correaly done. 
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"Put your finger on your nose.” Promptly performed. 

"Put your left finger on your right ear.” Hesitates a moment; then 
executes correctly. 

The three blocks are placed before him and he is told to put the 
large one in his pocket, throw the medium one on the floor and give 
the small one to me. He does so promptly. The commanSs may be 
varied at will; he alv^ys carries them out promptly and accurately. 
He carries out printed commands also as well. We will show him these 
printed cards. 

CLOSE YOUR EYES. He obcys at once. 

PUT YOUR FINGER ON YOUR NOSE. You See how quickly he re- 
sponds. It is the same with any other commands. 

It h easy to prove that he knows the names of objects although he 
is unable to say them. I show him this object (spectacles). 

"What is this?” 

"Ugh — ugh — dog gone." 

"Is it a knife?" 

"No” (shaking his head). 

"Isitakey?" 

"No" (moreemphadcshaking). 

‘'Whac ts ic used for?" (Points to his eyes.) "Do you think it is 
spectacles?” 

"Fine!” (nodding in approval). 

It is the same with other objects. You cannot make him approve 
of an incorrea name. If several objects are placed before him he can 
indicate them correctly as their names are spoken. Yet although the 
names of objects, at least of common objects, are retained and his com- 
prehension of speech is satisfactory it is easy to show that there is a 
defect of internal manipulation of symbols if we ask him to calculate. 
I write for him 397 and ask him to copy the figures. He does so at 
once. I then write below 489 and ask him to make the sum. After many 
snaps of his fingers, many "dog gones" and erasures he arrives at the 
Sum of 7122. He can do only the simplest sums and cannot subtract, 
multiply or divide. He has also an agraphia, that is, he can write very 
little spontaneously although he copies fairly well. 

But we need not examine him in detail. I wanted only to point out 
that /Aere are at least ttvo great groups of aphasias — one in which em&- 
sion of speech is predomirwntly disturbed, sometimes called motor 
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aphasia (of Broca) and another in which loss of internal speech pre- 
dominates, sometimes called sensory aphasia (of Wernicke). The for' 
mer is produced by lesions anteriorly situated and the latter by more pos- 
terior lesions. Since nowadays large osteoplastic openings ate made these 
simple facts are the most essential for treatment and no further details 
need be given. 

We will turn now to the problem of the localization in the brain 
of the lesions which cause these various symptoms {359) we have been 
at so much pains to demonstrate (cf. Fig. 30). And first we must 
understand clearly that none of these symptoms occurs in isolation but 
always is found to be associated with others of the group if they be 
sought for. For example a patient with a motor aphasia of Broca 
has usually also dlfhculty in writing, also sometimes a weakness of the 
right lower face, but on the whole his internal speech is little altered. 
He executes the most complicated orders promptly. When he is asked 
a question he makes violent efforts to answer; the animation of his 
countenance and attitude shows that he understands; after vain attempts 
to answer he seiaes a pencil to write or shows by gestures that he com- ^ 
prehends. If we supply him with the answer he nods his approval but 
is torally unable to repeat after us. Usually a patient has at his disposal 
a few stereoryed words, often oaths. The lesions which cause relatively 
pure anarthrios are usually thromboses of the trunk of the left middle 
cerebral artery and the resulting softening involves the putamen. the 
neighboring part of the globus pallidus and the internal capsule sepa- 
rating them, the ancecior part of (he insula and to a variable extent tbe 
neighboring subcortical parts of the frontal lobes {195). Such a lesion 
is always associated with a contralateral hemiplegia. Rarely a relatively 
isolated anarthria is caused by thrombosis of the prerolandic artery; the 
softening then involves the gyri on each side of the prerolandic fissure. 
An agraphia accompanies the resulting anarthria. Many cortical wounds 
received at war, located in or near the prerolandic fissure opposite the 
face-area, have produced anarthria associated with agraphia and contra- 
lateral facial weakness. Small metastatic tumors in the same region have 
been reported to cause a similar syndrome (21). All of the evidence 
shows that the lesion responsible for inability to externalize speech (an- 
arthria, motor verbal aphasia) lies anKrior to the lower extremity of 
the anterior central gyrus. 

Sensory aphasia (of Wernicke) is a syndrome consisting of loss of 
comprehension of spoken and written language, inability to write and 
paraphasia. 
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One finds also that alexia (word*bUndness) may exbt almost alone. 
Such patients can 'write but cannot reread what they have just written. 
Their other aphasic symptoms are very slight and transitory, but there 
is a hemianopia and usually the sensory and motor findings of the thala- 
mic syndrome when such cases are due to thrombosis of the posterior 
cerebral artery. Alexia is very evident when the region of the angular 
gyrus is involved but is then usually one feature of an aphasia in which 
anomia is very prominent. 

Incomprehension of spoken langua^ {.verbal deafness) is rarely 
encountered alone. There is usually assexuated auditory agnosia for 
elementary sounds, and amusia. The conduct of these patients is some- 
times remarkable; they have a tense hunted look and often talk 
excessively in an unintelligible jargon (jargonaphasia). The power of 
naming objects is retained. These patients understand fairly well what 
they read to themselves. They are able to use numbers well and can 
write fairly well. The lesions in these cases have usually been found 
to be softenings confined to the upper temporal gyrus or in case of war- 
wounds localiaed cortical iojuries in the same region. 

Anomia (nominal aphasia, amnesic aphasia) is one of the common- 
est aphasic symptoms and is evoked by lesions over a considerable 
area around the posterior part of the lateral fissure. It is part of the 
syndrome provoked by thromboses of die posterior temporal, angular, 
and posterior parietal arteries and, depending on the extent of the 
lesion, is associated with numerous other symptoms such as hemi- 
anesthesia, apraxia, alexia, hemianopia, and incomprehension of speech. 
The effects of war-wounds confirm this localization around the pos- 
terior part of the lateral fissure and otitic abscesses in the occipito- 
temporal zone (37 of Brodmann) often cause this symptom in fairly 
pure form. 

Such relatively pure symptoms as we have just described are rare. 
Usually the most that one can say ts that either the exteriorizauon of 
speech is mainly affeaed or that the loss of internal speech predomi- 
nates. 

Although these findings are fairly definite, generally agreed upon, 
and useful in the localization of cerebral softenings, in actual practice 
the aphasic symptoms are often deceptive and must not be relied upon 
for too restricted localization in cases of cerebral tumor. Yet experience 
has shown that even m cases of tumor a study of the patient's aphasic 
symptoms is useful. If there is predominance of anarthria, with com- 
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prehension intaa and little loss of vocabulary, the tumor may confi- 
dently be expeaed to lie forward. If on the other hand there is evident 
anomia, poor comprehension and gross perturbation of rea^ng and 
calculation the tumor lies posteriorly. 

After this long but important digression let us return to our first 
patient. It is evident now that at operation I must have damaged seri- 
ously the posterior central gyrus opposite the arm-area, the superior 
parietal lobule and the angular gyrus. The only alternative in this case 
would have been to go through ^e supramarginal and angular gyri or 
still lower through the superior temporal gyrus; in either case the result- 
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Fto. 1 12 Drt^wing of a microscopical preparation of an oligodendraglioma 

ant aphasic dtV^^ would have been much more pronounced. 

Although tm® tumors removed from the first two patients were of 
the relatively raV^ known as an olicodendroguoma it must be 
definitely undersV®®^ none of the symptoms we have just described 
is in any way of this type of tumor. The oligodendro- 

glioma is predomii^^'^'^^ly ^ tumor of the cerebral hemispheres (44) 
of adults and mayVlP^'^ *ke manifold symptoms of cerebral 

lesions. It las beeq found in the cerebellum rarely and also rarely in 
children. It js usna^^y subcortical. The average age of patients when 




OJLIGODENDROGl-IOMA 


283 


aiimitted to the hospital is about forty-three years. Symptoms have 
been present, on an average, for 6ve to six years before admission and 
patients have lived an average of more than three years after operadon. 
jrlany seem to be permanently cured. 

Grossly the oligodendroglioma has a firm consistency and reddish- 
gray color. It is rarely cystic It often seems to have a sharp margin, 
but no capsule is formed. The calcified nodules can be felt with die 
knife when the tumor is secdoned. It is not very vascular but hemor- 
hages into it ate frequent. 

The MICROSCOPICAL STRUCTURE is quite typical (Fig. 112). The 
nuclei are smaller than in other gliomas and have a heavy network of 
diromadn. Mitoses are rate. The cytoplasm is scanty. Between the 
nuclei is a variable amount of fibrillary material which has often under- 
gone a homogeneous degeneradve change. Around each nucleus is often 
a clear halo caused by shrinkage of the cytoplasm. Each nucleus seems 
then to be in a little box; sometimes two or three nuclei will be found 
in one compartment. When impregnated specifically many of the neo- 
plastic cells are seen to have the structure of oligodendxoglia. These 
cells have each a small amount of cytoplasm from which a few feeble 
processes are given off. In addidon astrocytes are commonly found and 
also numerous cells which form transidons between the astrocytes and 
oligodendtoglia. Numerous cells have undergone the typical swelling 
charactetisdc of early degeneration of the oligodendtoglia. 

The degeneradon of these tumors results in the deposition of con- 
siderable fat, and also a sort of hyaiinizadon of the cytoplasm in whfdi 
calcium-salts are deposited. In addidon pioliferadon of the intima of 
the bloodvessels and caldficadon of their walls are rommon. Many 
nervous fibers ate often seen traversing the tumor and proliferadon of 
the oligodendroglia m the neighborhood of the tumor, espechdly as 
neuronal satellites, is frequent. 

Under the microsoipe the oligodendroglioma most closely resembles 
the medulloblastoma, but its nuclei are smaller and rounder, more 
evenly distributed and mimtic figures are rare. The typical degeneradve 
changes are also not found in medulloblastomas. 

The preoperative diagnosis of an oli^xlendroglioma necessitates its 
diSerentiadon from other t y pes of glioma, especially the slowly grow- 
ing varieties. It is much more commonly calcified than any other glioma, 
but the astrocytoma may also contain sufficient calcium to be visible in 
the roentgenogram. 
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The differential diagnotis of intracranial calcification is difficult (95). 
The only typical calcification occurs in Sturge-Weber disease (cf. p. 
197) where the parallel curved linef are distinctive. The calcification of 
craniopharyngiomas in the suprasellar region is not different from that 
in gliomas and only its location gives it a presumptive pathological signi- 
ficance. When the calcification occurs near the inner table of the skull or 
near great dural septa one must be careful to differentiate the calcification 
sometimes occurring in the meninges, also the rare calcification of men- 
ingeal tumors. Any slowly growing glioma may be calcified ( 169) but 
the percentage of calcification in oligodendrogliomas is very high and 
usually sufficiently extensive to be visible in the roentgenogram. 

The TREATMENT of oligodcndrogliomas is removal by operation. 
They are relatively avascular, which makes their removal easier, and the 
postoperative prognosis is fairly good. They should always be radiated 
after operation, however, for they sometimes recur rapidly in an appar- 
ently more malignant form. 



Chapter 14 

GLIOBLASTOMA MULTIFORME 

SYNDROMES OP THE TEMPORAL LOBE, OF THE OCCIPITAL LOBE, AND 
OF THE CORPUS CALLOSUM 

We have seen that gliomas predominate in the cerebellum in child- 
hood; during adult life they predominate just as definitely in the cere- 
brum. And about half of the adult gliomas are also of a very malignant 
type •which is now known as glioblastoma muUiforme because both its 
symptomatology and structure are very variable. It is typically a tumor 
of the cerebral hemispheres but may occur anywhere in the central ner- 
vous system. Tumors of this group progress rapidly and inevitably 
a htal termioadon. Other names by which this tumor is known are 
gUosatcoma, glioma sarcomatodes, spongioblastoma multiforme, neuro- 
glioblastoma, gliome polymorphe. It has been studied cstcnsively by 
Globus and Strauss. (232). We will begin our study of it with the 
demonscradoa of a typical case. 

This workman (case XXX), forty-nine years old, had never been 
seriously ill until six months before admission when he began to a>m- 
plain of headache. Three months later he began to drag his left leg 
and had weakness also of the left arm and face. Later still his head- 
aches became very severe and vision failed rapidly. There had been no 
vomiring. 

When admitted he was very dull and uncooperative. Vision of the 
tight eye was reduced to 0.6 and of the left to 0.8— -4. Both optic discs 
were badly choked with numerous hemorrhages. There seemed to be a 
left homonymous hemianopia, bur die patient did not ooperate well 
enough to examine the visual fields in detail. The left pupil was larger 
than the right. There was a left spastic hemiparesis including the lower 
face. Sensory examination was unsatisfactory. The left abdominal and 
cremasteric reflexes were greatly diminished. He •was disoriented and 
did foolish things; he got out of bed one evening, turned the water on 
in the bathroom and let it flood his room. General examination and 
roentgenogram of the head were normal. The clinical impression was 
that there was a large rapidly growing subcortical tumor in the right 
cerebral hemisphere. 
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A right osteoplastic exploration was made. The dura mater was 
tense and when it was opened the brain bulged markedly. The surface 
of the brain was very vascular and the convolutions flattened. An ex- 
ploring needle met resistance everywhere a short distance under the 
surface. Smart bleeding followed withdrawal of the needle. It was con- 
cluded that the tumor was an extensive inoperable subcortical glioma. 
The bone-flap was removed and the wound closed. Next day he was 
quite clear mentally and completely oriented. The hemiparesis also 
rapidly receded. He was discharged a month later. At this time the left 



Fig. 113. Visuxi fields fiom Case xxx. 


hemiparesis was somewhat less, die dioked discs had subsided, head- 
aches ceased, and he was feeling quite well. A series of roentgen-radia- 
tions was begun and continued at regular intervals. About a week after 
his discharge he had a fainting-spell assodated with a nauseating odor 
which lasted only a few seconds and dBappeared. He now remembered 
having had such attacks before his operation. His vision was much 
blurred. The weakness of the left arm and leg slowly increased. He now 
complained also of numbness and tingling in the left arm and leg. 

He returned to the hospital three raondis after discharge complain- 
ing of headache and weakness. The decompressed area was bulging 
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but soft. There was a bilateral secondary optic atrophy but no choking 
of the optic discs. There could now be demonstrated a left homonymous 
upper quadrantic defea in the visual fields (Fig. 113). There was also 
a left hemiparesis with spasticity, and a left hemihypesthesia predomi- 
nating in the hand and forearm. Mentally he was quite clear. The old 
wound was reopened. The temporal lobe was very soft and necrotic. 
A large part of ft was removed. There was evidently considerable rumor 
also above the lateral fissure but it was nor so necrotic and very vas- 
cular; so the attempt to remove it was abandoned. The patient recov- 
ered but has an almost complete left hemiplegia as you see. 

TAe clinical course of this patient is fairly typical of this type of 
glioma — the early onset of headache, the rapid development of hemi- 
paresis, the evidences of widespread invasion of the brain, the rapid 
recurrence of symptoms after decompression, the relative inefficiency of 
roentgen-radiation are all characteristic. He will probably not live 
longer than a few months. The hemiparesis which developed as a re- 
sult of the invasion of the tumor is familiar to us (cf. p. 163 ) ; there is 
no need to discuss it. But two symptoms should attract our atteouon, 
namely, the upper homonymous quadrantic defect in the visual fields 
and the peculiar fainting attacks. In this case the invasion by the tumor 
has been too extensive for us to be sure of their significance. We must, 
in order to understand them, study another patient in whom these symp- 
toms are not complicated by a hemiplegia. 

This man ((lASE XXXi) will serve our purpose. He is thirty-six years 
old. His illness dates to about eight months ago when he began having 
spells of dizziness. During these attacks he felt as though he were fall- 
ing, but never actually fell. At this time he said that while playing in 
the band he often played mttsic which was different from that of the 
ocher players. This caused so much difficulty that he had to give up 
playing. During this time he had attacks in which he felt as though 
things were fading away from him. At the same time he smelled a bad 
odor. He felt also that his memory had been poor. For the six weeks 
prior to admission his vision had been gradually failing, and he had had 
severe frontal headaches. 

He was admitted to the hospital three months after the onset of 
symptoms. Examination revealed marked tenderness to percussion over 
the left frontal and the left temporal regions. Gross examination of 
the visual fields suggested a defect of both right upper quadrants; the 
patient was too ill for detailed study. Ophthalmoscopic examination 
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revealed choked discs of two dfoprers elevidon in the right eye and 
four in the left. There was a definite right facial weakness and a 
paresis of the right side of the palate. There was a weakness of the 
right upper extremity which was not marked and a slight increase in 
the tendon-reflexes of the right arm. The right knee-jerk was brisker 
than the left. The patient had very obvious difBcuIty in naming objects, 
in giving his own address, in telling where he worked, and also in find- 
ing the words necessary for ordinary conversation. A diagnosis was 
made of tumor in the left temporal lobe, probably a malignant glioma. 

He was operated on the morning following admission. The gyri of 
the temporal lobe were found to be of three or four times their usual 
width and very pale. A needle was inserted in the first of these and at a 



Fig. 114. Visual fields from Case xxxi. 


depth of 3 cm. a cavity was entered and a large quantity of dirty yellow- 
ish fluid was found. The cortex was then incised down to the cyst and 
the contents evacuated. A decompression was made in the left temporal 
region. The patient recovered promptly. His aphasia rapidly disappeared 
and also the weakness in his right hand. He was discharge rune 
days after operation. He returned frequently to the out-patient depart- 
ment and made excellent progress, except for an occasional faindng- 
attack accompam’ed by a bad odor. But after two months it was noted 
that his decompression had begun to bulge slightly. A month later an 
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attempt was made to puncture the cyst with a lumbar-puncture needle 
but the fluid was too thick to run out, so he was readmitted to the 
hospital for an attempt to evacuate the tumor. At this time his faint- 
ing-aftacks had bea>me slightly more frequent and his aphasia had 
again returned. There was a choked disc of two diopters in each eye. 
At this time careful examination of the visual fields revealed a definite 
tight homonymous upper quadrantic defect (Fig. 114). The old wound 
was reopened. Only small ragged cavities were found and much solid 
tumor, a large mass of which was removed with an electric scalpel. 

Immediately after operation his condition was somewhat improved, 
but two days later he became unresponsive, had clonic spasms in both 
legs, and paroxysms of silly laughter. His respirations were irregular 
and occasionally became very deep and sighing. However, these symp- 
toms soon disappeared and were thought to be hysterical. Subsequently 
he was much better, but seemed somewhat lethargic. His decompression 
bulged more and more and he had severe headaches. Intravenous hyper- 
tonic solutions, which had relieved his osndition previously, were no 
longer effective. A diagnosis of postoperative hemorrhage was made 
and the patient taken to the operating-room where an incision in the 
operative field revealed a large mass of clotted blood and necrotic tis* 
tue. This was removed and a drain inserted. Subsequently the patient’s 
condition has continued to improve. His aphasia and right-sided weak- 
ness ate much better but he has now a complete right hemianopia. He 
is up and about. Although the decompress^ area is bulging, he feels 
quite well. 

The tumor in this instance was found definitely within the left tem- 
poral lobe. The aphasfc symptoms are consistent with this localization 
of the lesion. No attempt was made to extirpate the tumor at the- first 
operation for fear of aggravating the aphasic symptoms. Of course with- 
out postmorten examination it cannot be asserted that the tumor is con- 
fined exclusively to this lobe but the presumption is in favor of such 
a localization. The hemiparesis could be explained by pressure inward 
on the corticospinal traa. The hallucinations of smell occurred early and 
the hemianopia has been permanent; diey are, therefore, doubtless due 
to direct involvement of the nervous tissue. This conclusion is consistent 
with what we know of the structure and function of the temporal lobe. 

Homonymous hemianopia or, to be more accurate, a homonymous 
upper quadrantic defect in the visual fields which tends to progress to 
a complete homonymous hemianopia is one of the most frequent symp- 
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toms of TUMORS OF THE TEMPORAL LOBE. Its pfodualon is explained 
by the course of the visual radiation (Fig. 27) which loops far forward 
around the inferior horn of the lateral ventricle with its fibers widely 
scattered. A tumor developing within the temporal lobe, except for its 
very tip, readily involves these fibers and since they are so widely sepa- 
rated the early invasion of the radiation will produce only a partial inter- 
ruption. It is often necessary for the demonstration of the defect to 
employ all the refinements of quantitative perimetry, but the value of 
the result justifies the rime and trouble involved. 

Often the patient is unronsdous of the alteration of his visual fields 
and rarely comes to the physician complaining of visual defect. The 
most frequent sympram of which the patients complain is an epileptic 
fit of some sort. It is not uncommon for the illness to be initiated by a 
generalized convulsion. Later on, or even without a preceding gener- 
alized attack, peculiar minor attacks occur. In their mildest form they 
consist of so-called dreamy states. Even the most intelligent of patients 
exhausts his vocabulary in attempting to describe what occurs. Those 
who watch such attacks note that suddenly the patient ceases to talk or 
move, his eyes stare into space, a blank look comes over his face, and 
after a few seconds he resumes his activities. The patient himself, if 
capable of introspeaion and description, reports that a feeling of uth 
reality comes over him, the surrounding world seems to fade away, 
although he remains conscious of it, and he cannot speak. Various 
changes appear to occur in surrounding objects; they usually seem vague 
and indiscinaly outlined, but may occasionally appear unusually beauti- 
ful or even to change in size. Less intelligent patients report only that 
they feel "queer” and the significance of the attacks might be over- 
looked were it not that they were accompanied often by other phenom- 
ena more easily described. Prominent among the latter are hallucina- 
tions of smell and taste. Accompanying the dreamy stare, or inde- 
pendently, the parient is conscious of a wave of odor, either pleasant or 
unpleasant, whiclr lasts but a few seconds and passes quickly away. At 
the same time, <t again independently, there may be present in the 
mouth a peculiar taste which is also transitory. The patients often make 
concomitant smacking movements of the lips. These phenomena have 
long ago been shown to be due to invasion of the uncus by the tumor 
and hence are knoiSvn as uncinate fits. Often in association with the un- 
cinate fits occuts another significant phenomenon. The patient may see 
usual objects or such as faces, people playing cards, little women 
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walking, etc, on the side of the defect in his visual fields. The appari- 
tions are called visual hallucinations and may occur without an ac- 
companying uncinate attack- Rarely auditory hallucinations occur, such 
as noises, whistling, the ringing of bells, erc., preceding or accompany- 
ing the attack. Such preliminary sensory phenomena are called aurae. 

The dreamy state, the hallucinations of smell or taste, the visual 
hallucinations or the auditory hallucinations may be in the later stages 
of the illness preliminary to a convulsion which begins with turning of 
the eyes and head to the opposite side, tonic contraaions of the limbs, 
usually generalized, and loss of consciousness. 

We have already discussed aphasia in detail. Incomprehension of 
speech, even auditory agnosia, paraphasia, rarely jargonaphasia have 
been observed. In cases of tumor of the temporal lobe the most fre- 
quently observed symptom is anomia. This is probably due to the fact 
that few gliomas are confined scrialy to the temporal lobe and we 
know chat the extension of any sort of lesion backward toward tha 
parietal or occipital regions is accompanied by anomia and alexia 
which masks to a ceruin extent the symptoms of involvement of the 
purely temporal regions. Aphasic symptoms, of course, point almost 
invariably to involvement of the left temporal region. 

To the nucleus of peculiar epileptic fits and defects in the visual 
fields (also in part the aphasia) are added, as the minor expands, other 
symptoms from involvement of neighboring regions. Many of the 
aphasic symptoms come into this category, for example alexia. Promi- 
nent also are symptoms of involvement of the corticospinal traa, most 
frequently evidenced by a lower facial weakness on the contralateral 
side which may be visible only on emotional stimulation. Less frequently 
the weakness first appears in the contralateral leg. One may find also a 
contralateral extensor plantar reflex, absence or diminution of the ab- 
dominal reflexes and, if the disease is allowed to progress long enough, 
a contralateral hemiplegia. The customary primary involvement of the 
face is probably to be explained by pressure up^’ard on the lower end 
of the anterior central gyrus where the fibers arise which innervate the 
face, whereas when the leg suffers first the tumor has prob^Iy extended 
deeply and pressed upon the peduncle or internal capsule in which the 
fibers innervating the leg lie most laterally. The pa^ytic symptoms at 
first are present only transitorily following epileptic attacks. Rarely ex- 
trapyramidal rigidity may occur from pressure upon the basal ganglia. 
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Mental symptoms, apart from the aphasia, are not uncommon. Most 
frequently noted is defective memory. We may suspea that this syrap^ 
tom is not always differentiated from the loss of vocabulary which oc- 
curs with the aphasia. There is no question, however, that pressure or 
extension of the tumor into the frontal lobe may cause those changes in 
character and personality which are seen in cases of glioma confined 
to the frontal lobes alone. These symptoms are often due also to ob- 
struction of that portion of the blood-supply of the frontal lobe which 
comes from the sylvian vessels. 

One other uncommon but characteristic sign of tumors on the inner 
surface of the temporal lobe is paresis of the homolateral third nerve. 
Perhaps some of the early ocular signs must be explained by pressure 
on sympathetic fibers, causing a myosis and slight ptosis of the upper 
eyelid. Later the myosis changes to mydriasis, the ptosis is exaggerated, 
and a downward and outward squint may occur — the classical appear- 
ance produced by paralysis of the oculo-momc nerve. The other cranial 
nerves are rarely involved. Anosmia is uncommon, optic atrophy does 
not occur, weakness of the external ocular muscles is rare and involve- 
ment of the fifth nerve is confined to an occasional weakness of the 
homolateral corneal reflex. One might expect deafness, not from in- 
volvement of the nerve but from destruaion of the cortical auditory 
area. Although diminution of auditory acuity in the contralateral ear 
has been occasionally repotted, it is relatively inconspicuous and few 
accurate studies have been made. 

Sooner or later of course, headache, vomiting and choking of the 
optic discs occur. These symptoms of increased intracranial tension are 
not peculiar to tumors of (he temporal lobe. The choking of the optic 
discs is rarely higher or earlier to appear on the side of the tumor; 
vomiting seems to be often accompanied by nausea; the headache is 
eiot hcsliscd to che ceaspocsl eegha find nVare is ssades/iess w 
percussion or pressure over the tumor. 

The localizing diagnosis of tumors of the temporal lobes is not 
so difficult since quantitative perimetric examinations are regularly 
made. Tumors of the tip of the temporal lobe may be confused with 
tumors of the frontal lo^. In these latter cases the visual radiation may 
escape, a weakness of the contralateral lower face occur (as with tumors 
of the f\)ntal lobe) and changes in penotiality and intelligence be 
prominentN^reful search for some aphasic defect, and inquiry into 
the nature (nVpossible fits will usually esublish the correct temporal 
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localization but rarely it may be impossible when the patient is first ob- 
served. Temporal tumors may be confused also with cerebellar tumors 
but this error should rarely occur. If one remembers that cerebellar 
tumors are rare in adults (acoustic tumors apart), and is on his guard, 
it is almost always possible to make the correct diagnosis. In those cases 
which have come under my observation the cerebellar localization was 
made on really inadequate grounds. Most frequently the confusing 
symptom observed is nystagmus. A fine tremor of the hands is occasion- 
ally found, either homolateral, heterolateral or bilateral, but asynergia, 
hypermetria, typical reeling gait, and hypotonicity I have never ob- 
served. 

The greatest difficulty is to differentiate gliomas of the temporal 
lobes from those of the occipital lobes. Certain symptoms of tumors of 
the temporal lobe are rarely, if ever, produced by tumors of the oc- 
cipital lobe — such as uncinate fits, facial paresis, oculomotor palsy — but 
when these symptoms are absent one is never sure whether they are 
missing because the tumor is in the occipital region or whether they 
simply have not been produced by the temporal lesion. One then has to 
fall back on nuances of the symptoms and signs common to both, 
namely defects in the visual field^ visual hallucinations, aphasia and 
epileptic fits. Gliomas are rare in the ooipital lobe and I have no pauent 
with a tumor confined to the occipital lobe to demonstrate to you, except 
a young girl who was completely blind when she came to us, but the fol- 
lowing case is important in this connection and the brain is interesting 
for you to see. 

A salesman (case xxxii), 44 years of age, began three months be- 
fore admission to have difficulty in making out his reports because of 
inability in understanding written language. He could not grasp the 
meaning of a word until it was spelled for him. This made him irritable 
and disagreeable. The difficulty increased until a month later he was 
unable to read at all, lost his memory for recent events and was often 
completely disoriented. He was much depressed and wept frequently. 
He soon began to sxiffer from headache, at first intermittent and not 
se%'ere, but about two months after onset it became much worse and a 
week later was associated with projeaile vomiting. He became com- 
pletely disoriented and talked incoherently. He seemed not to see things, 
on his right side. Finally he became so agitated that he was brought 
to the hospital. 

When admitted he Was very restless, did not seem to recognize 
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inyone, and called continually for his “Aunt Fanny." He used many 
jther words but in incoherent fashion. He gave no attention to ques- 
ions. The optic discs were choked to 3-4 diopters. There was a slight 
ight facial weakness, but no other signs of hemiparesis. Sensory ex- 
imination was impossible, also examination of the visual fields, bemuse 
)f his agitated and uncooperative state. Because of the history of early 
ilexia and difficulty of seeing to the right a diagnosis of tumor in the 
leighborhood of the left angular gyms was made. 



Fig. U5 Visual fields from Case xxxii 


A left osteoplastic exploration was carried out under ether-anes- 
hesia. The brain was under great tension and bulged markedly when 
he dura mater was opened. A subcortical rumor could be palpated 
inder the region of the supramarginal and angular gyri. Puncture in 
his region met resistance about 2 cm. under the cortex and bleeding 
bllowed withdrawal of the needle. The tumor was judged to be in- 
iperable. A subtemporal decompression was made, the boneflap re- 
)Iaced and the wound closed. The patient recovered promptly and 
vithin two days could answer questions in well-formed complete sen- 
ences. He still wept often because be could not recall many things, 
loentgen-radiation was begun and two weeks later he was discharged, 
kt this time he was still completely unable to read and could not write, 
de could, however, distinguish colors. Comprehension of spoken Ian- 
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guage was good. He had much diflSculty in recalling names of objects 
and persons. He was oriented, his memory was much better and he was 
quiet and less emotional. The choking of the optic discs had completely 
disappeared and it could be determined that he had a right homony- 
mous hemianopia (Fig. 115). There was also distinct loss of sense of 
position in the right hand. Roentgen-radiation was continued. A month 
later he was feeling very well, in faa a little euphoric. He talked a 
great deal and without error in speech. His memory was now clear. 



Fig. 116. Cross section of btain from Case XXXU. The tumor extends through the 
splenium of the corpus caHosum into both hemispheres 


He was still unable to read. He could write, but was unable to read 
afterward what he had written. There was a complete right homony- 
mous hemianopia including the macula. He had no headache and the 
decompressed area was only slightly bulging. About a month later still 
he suddenly became stuporous following a roentgen treatment and the 
decompressed area became tense and bulging. He w’as thereafter very 
aphasic, unable to understand, and talked with incorrect and jumbled 
words. He was completely disoriented; could not even remember the 
way to his room. There was no paralysis of his limbs. He gradually 
declined and died three months after operation. 
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A complete neaopsy was made half an hour after death. Genera! 
examination revealed little of interest except a bilateral terminal bron- 
chopneumonia. In examining the brain we find a tumor involving the 
splenium of the corpus callosum and extending backward into both 
ocdpital lobes (Fig. Il6). It is much more extensive in the left hemi- 
sphere and has grown laterally into the region of the angular gyrus. 
The tumor contains numerous necrotic and hemorrhagic areas. Further 
examination by serial sertions stained with Weigert's method shows 
that the tumor extends back into each occipital lobe as far as the tip 
of the posterior horn of each lateral ventricle, which is about 2 cm. 
anterior to the tip of the occipital pole on either side. The tumor in 
the right hemisphere has pushed the lateral ventricle upward and out- 
v,^rd but has not obliterated it and the tumor has not invaded the brain 
lateral to it. On this side the optic tadiation is clearly visible. On the left 
side the tumor has obliterated the ventricle except for the most pos- 
terior extremity of the posterior horn which is filled with coagulum 
and is slightly dilated. Anteriorly the tumor has invaded the subcottex 
on the lateral side of the ventricle and interrupted the optic radiation. 
It approaches nearest to the cortex of the angular gyms, but even 
here stops more than I cm. short of the cortex. Near the posterior 
border of the supramarginal gyrus the tumor curves medially through 
the splenium. 

It is of interest to note that once the intracranial tension had been 
reduced the aphasie symptomi in this case were practically confined 
to an alexia. Most of the cases of relatively pure alexia have been due 
to occlusion of the posterior cerebral arteries. The tumor in this in- 
stance lay almost exclusively in the territory supplied by the two pos- 
terior cerebral arteries. It did, however, invade beyond this area just 
underneath the left angular gyrus. The alexia might, therefore, be ex- 
plained by involvement of the projeaion-fibcrs of this gyrus. 

The optic radiation, of course, extends to the tip of the occipital 
pole so it should occasion no surprise when I tell you that the most con- 
stant signs of TUMOR OF THE OCCIPITAL LOBE have to do with it. Rate 
indeed is the case in which either visual halludnations or defects of 
the visual fields are absent. When hallucinations are absent the diag- 
nosis is rarely made until such defects appear. The hallucinations dif- 
fer from those caused by tumors of the temporal lobes in that they con- 
sist of unformed visual phenomena. The patient sees flashes of light, 
stars, streaks, lightnings, either preceding convulsions or isolated. These 
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phenomena are usually seen on the contralateral side but are sometimes 
said to be direaly in front of the patient. Any addition of formed ob- 
jects to the hallucinator)' visions indicates ejctension of the tumor into 
the temporal region. Auditory hallucinations may then also appear. 

The defects in the visual fields vary, but are always of a homony- 
mous form. A complete hemianopia is usually present when the first 
examination is made, with or without sparing of the macula. In a con- 
siderable number of cases a homonymous quadrantic defect is found, 
but this is more common with tumors of the temporal lobe. There is 
rarely any possibility, from the visual fields alone, of distinguishing 
with certainty between occipital and temporal tumors. It is said that the 
macula is more often spared when the lesion is farther toward the oc- 
cipital pole. This may be true of vascular lesions but the sparing of 
the macula is of little significance in cases of tumor. Other visual phe- 
nomena are alexia and visual agnosia, and very rare cases of difficulty 
in spatial orientation or distortion of visual images. 

But it should not be forgotten that the visual symptoms and signs, 
although the most constant, are infrequently complained of by the pa- 
tients; hence the necessity for examination of the visual fields of every 
patient suspeaed of harboring an intracranial tumor. Visual hallucina- 
tions occur in only about 25 percent of cases and patients rarely com- 
plain of symptoms referable to constriction of the visual fields. Oc- 
casionally one will remark that he runs into objects on one side or that 
his vision is defective on one side. The patients complain most con- 
stantly of the symptoms of increased intracranial tension, in no wise 
different from those due to tumors anywhere in the intracranial cavity, 
and of epileptic attacks. The latter vary from minor attacks (some- 
times accompanied by visual aura) without loss of consciousness, to 
major convulsions initiated by turning of eyes and head to the opposite 
side. Following the attacks there is sometimes transitory weakness of 
the side opposite the lesion, of considerable importance in lateraliaing 
the tumor. Epileptic attacks of some sort occur in almost half the cases. 

Slight hemiparetic symptoms and slight hemihypesthesias of the 
contralateral side are frequent and signify involvement of adjacent 
regions by pressure or edema. They rarely reach the intensity seen with 
tumors of the parietal or temporal lobes. In the left hemisphere inva- 
sion of the temporal lobe is accompanied by aphasfc symptoms, es- 
sentially nominal aphasia with alexia and visual agnosia. It should 
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be remembered that the occipital lobe is very small so that tumors con- 
fined to it ate rare; they almost always involve also the parietal or 
temporal lobes ot both. 

Confusion with tumors of the cerebellum may occur if the patient 
be blind. Most commonly observed is a nystagmus, rarely if ever true 
cerebellar asynergia, and if only one remembers that in these cases 
nystagmus along with paresis of the sixth nerve and mental confusion 
almost invariably occurs concomitantly with high intracranial tension, 
he will be on his guard and rarely be drawn into error. 

We have seen that the tumor in the last case invaded the splenium 
of the corpus callosum and this raises the question of the functions and 
symptomatology of this interesting structure. But before discussing this 
problem we may study another tumor which involved the rostrum of 
the callosal body. And I should like to draw your attention also to the 
frequency with which these malignant tumors pass from one cerebral 
hemisphere to the other along this great commissure. 

The patient (case xxxiil), 57 years old, had been a successful 
business-man and well, except for a gastric ulcer relieved by gastro- 
enterostomy. Three months before admission to the hospital he vomited 
and complained of feeling hot, but continued to work. A week later 
his associates noted that he aaed "queer.” His wife was called to him 
and found him stupid and drowsy, going to sleep readily in the day- 
time, rather restless at night, dull mentally, taking little interest in any- 
thing, confused, and disoriented. He vomited several times. He was 
taken to a sanatorium where he was still disoriented. He mistook stran- 
gers for old friends. He was confused and indifferent and had no in- 
sight into his condition. His memory for recent events was poor. His 
bloodpressure was 124/82 and his pulse-rate 72; there was no evidence 
of cardiovascular disease. His speech was normal. No paralysis ot loss 
of sensation was found. There was no’ choking of the optic discs at 
that time. A lumbar puncture obtained dear fluid, containing 5 cells per 
cu. mm.; the Wassermann reaaion on this fluid was negative, the 
globulin increased and the gold-curve 3455440000. His condition 
changed little during the next month. Then one day he reeled while 
walking and almost fell. He was put to bed. The next morning he 
vomited and collapsed; the pulse became very weak and rapid and his 
temperature rose to 40”. 

When admitted to the hos|«tal hb tempetatuie ranged between 
38” and 40”. He lay in bed in a stuporous condition, did not speak 
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and swallowed with difficulty. The temporal arteries on both sides were 
distended and tortuous. The eyes were rather constantly deviated to 
the lefL The optic discs were perhaps slightly choked. There was a 
constant spontaneous nystagmus, with the quick component to the left, 
and possibly slight weakness of the left side of the face. Generalized 
fine clonic twitchings of the musculature were present over the entire 
body. Both arms could be moved spontaneously. The abdominal re- 
flexes were absent. The tendon-reflexes were present but weak; flexor 



Fig. 1 17. Medun scaion of the brain from Case xxxiii. Tumor destroys the 
rostnim of the corpus callosum and extends laterally into both frontal lobes. 


plantar reflexes were obtained on both sides. Pin-prick was apparently 
felt everywhere. The neck was slightly stiff. Respiration was irregular 
and there were periods of auricular fibrillation. He was given digifolin 
and several intravenous injections of normal saline solution. He im- 
proved slightly and said a few monosyllabic words. It was obvious, 
however, that he did not know how to use his hands and, moreover, 
there seemed to be also an apraxia of the facial and faucial muscula- 
ture because when food was placed in his mouth he made useless con- 
tortions of the mouth and tongue, tolling the food around aimlessly. 
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He seemed to want to eat but always ended by spilling the food. A 
roentgenogram showed the sella turcica to be greatly eroded, the floor 
and dorsum not being visible. The clinical impression was tumor of 
the frontal region of the brain, probably involving the corpus callosum. 
A bad prognosis was given. To confirm our opinion air was injected 
into both lateral ventricles. Roentgenogram then disclosed that the right 
ventricle was constriaed in the neighborhood of the optic thalamus. 
The anterior horn of the left ventricle was not filled. The results of 
the injection of air were interpreted as confirming the clinical diag- 
nosis. A right subtemporal decompression was then made under local 
anesthesia as a preliminary to roentgen-radiation, but he rapidly de- 
clined and soon died. 

A postmortem examination revealed nothing of general importance 
except bilateral adhesive fibrous pleuritis and acute hypostatic edema, 
hyperemia and bronchopneumonia of both lungs. In the brain we find 
a tumor involving the corpus callosum from the knee backward for 4 
cm. (Fig. 117). It extends laterally into both frontal lobes, completely 
occluding the anterior horn of the left ventricle. The anterior horn 
of the right ventricle and the posterior portions of both ventricles are 
dilated. The third ventricle is flattened from above. On the external 
surface the convolutions are flattened only in the frontal region. The 
frontal lobes are markedly swollen widi smooth shining surfaces. The 
optic nerves are flartened and the optic chiasm pushed backward and 
downward against the stalk of the hypophysis which is compressed and 
adherent to the ruber cinercum. The dorsum sellae had been completely 
resorbed. 

The CORPUS CALLOSUM is an enormous commksure connecting the 
two cerebral hemispheres. The exact origin and termination of its fibers 
in the cortex are not definitely known but they join mainly homologous 
areas. Experimental studies have added little to our knowledge of 
this structure. The most common symptom following transeaion in 
animals has been lethargy. Considering the Iiigh mortality it is 
not surprising that the few survivors are somewhat lethargic. Elec- 
trical stimulation of the middle portion causes muscular movements. 
About the only definite lead one gets from experimentation has been 
the demonstration that a dog whose corpus callosum has been tran- 
seaed is no longer able to localize sounds, and study of conditioned 
reflexes also indicates that the callosal body is important for the bi- 
lateral synergic activity of the hemispheres. 
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The corpus callosum has been sectioned at operation on numerous 
occasions with surprisingly little disturbance in normal persons (4)- 
It is, of course, incredible that such a massive accumulation of nervous 
fibers should have no function. For die study of the clinical symptoma- 
tology of this structure thromboses of the anterior cerebral artery are 
most illuminating (7J3). The resulting softening causes a crossed 
hemiparesis predominating in the leg as is well known. But when the 
callosal artery is occluded the resulting softening of the major part of 
the corpus callosum sometimes adds to the clinical syndrome an apraxia 
of the left hand, on whichever side the hemiparesis may be. 

Three variedes of apraxia are usually distinguished — motor, ideo- 
motor, and ideational. The ideational form occurs in any profound 
dementia and as such is seen in amnesic aphasia. A bilateral ideomotor 
apraxia accompanying a global aphasia has been often described in 
lesions of the left supramarginal gyrus and the subjacent white matter 
(76). The motor type is always unilateral and affects the left hand in 
right-handed people. Voluntary acts cannot be performed, whereas in- 
voluntary gestures are possible. It is often accompanied by forced 
grasping In the affeaed hand and by hemiparesis of the right side. This 
motor type of defect is chat which accompanies occlusion of the callosal 
artery (465). 

Section of the corpus callosum rarely causes such an apraxia because 
few persons are strongly left-brained for motor acts other than speech 
and such aaivity can usually be initiated from either hemisphere, nor 
should section of the corpus callosum be expeaed often to cause 
aphasic disturbances except in those rare persons who have a dominant 
right occipital lobe associated with a dominant left temporal lobe. 

If the functions and relationships of the corpus callosum are. so 
impcsfectly \iwdesstood it can catisc no suspnise that the diagnosis of 
its tumors is difficult. From time to time clinicians have tried to deter- 
mine a characteristic syndrome but each new attempt seems more ob- 
scure than the last (8). Most of the symptoms described cannot be dis- 
tinguished from those due to involvement of neighboring parts of the 
hemispheres, nor is there any reason to suppose that they could, sina 
the corpus callosum is a large commissure connecting these regions. 
Timiors in its anterior part cause mental symptoms differing only 
quantitatively from those we have described as characteristic of tumors 
of the frontal lobes. Some of the most profound dementias accompany 
these tumors. Apathy, drowsiness, and defeaive memory are the symp- 
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toms most often mentioned. These symptoms may be pronounced in 
the absence of greatly inaeased intracranial tension. Motor defects are 
frequent. They usually predominate in the legs and one side is almost al* 
ways more involved than the other. Before the pyramidal signs become 
defim’te there is sometimes an unsteady gait, unaccompanied however by 
nystagmus, hypermetria, asynergia, or other signs of involvement of the 
arebellum. Sensory defects are uncommon. Paralyses of the aanial 
nerves are absent, except sometimes of the abducens when the intracran- 
ial tension is high. Epileptiform convulsions, tremor, and choreiform 
movements may occur. 

When a progressive mental dehcic develops, accompanied by a 
hemiparesis and slight motor disrurbance also on the other side, with- 
out sensory disturbance and without aphasia, before signs of increased 
intracranial tension have become marked, a tumor of the corpus cal- 
losum may be suspeaed. If the spinal fluid is yellow and its content of 
cells increased, indicating the approach of the lesion to the ventricular 
walls, the diagnosis is more certain. In those rare cases in which a 
unilateral motot apraxia can be demonstrated the diagnosis becomes 
sure. 

Aside from tumors of the frontal lobes, tumors of the callosal body 
are most often confused with cerebral arteriosclerosis or presenile 
dementia. The differentiation may be impossible before symptoms of in- 
aeased intracranial tension appear and study of reported cases indicates 
that these diagnoses are very often made in the early stages of the dis- 
ease. General paresis is also often suspeaed but more readily ruled our. 
That these tumors should be confused with those of neighboring parts of 
the brain should occasion no surprise when it is realized that the rare 
unilateral apraxia is the only characteristic clinical symptom and that 
tumors are rarely confined to the corpus callosum. I am sure, however, 
that they should rarely be mistaken for tumors of the cerebellum. There 
is usually observed an unsteady gait without nystagmus and without in- 
a)6rdination of the upper limbs, simulating the syndrome of the vermis. 
Such a syndrome from cerebellar tumor is exceedingly rare in adults. 
Cerebellar tumors in adults are almost always accompanied by dysmetria 
in the upper extremities. The mental obfuscation is due to inaeased 
intracranial tension and may be made to disappear by an intravenous 
injeaioQ of hypertonic saline solution, whereas the profound mental 
deficit of callosal tumors is not affected. 

Finally I should like to relate two cases which show that the gli- 
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oblastoma multiforme may run its a>urse without any signs of intra- 
cranial hypenension. We have already learned that there are some types 
of intracranial tumor, such as the pituitary adenoma, which rarely in- 
crease the intracranial tension, and increasing numbers of tumors are 
being operated on before the intracranial tension becomes high (482) 
but it seems not to be appreciated how a)mmonly even the most malig- 
nant gliomas may run their courses without producing the classical 
triad of headache, vomiting, and choked discs. 

A housewife (case xxxiv) of forty-eight, who had always been 
well except for a pelvic repair, began ten months before admission to 
have attacks lasting only a few moments during which she felt faint, 
smelled a most nauseating odor, and felt a numbness in the right side 
of the face, sometimes also in the tight arm and leg; she did not lose 
consdousness. She became increasingly iorgetinl and irritable. Some- 
times she misused words. Two months after the onset of these trou- 
bles she began to complain of frontal headache. Finally she collapsed 
one day while on a shopping-expedition and was brought to the hos- 
pital. 

On admission there was a lower right facial weakness, especially 
evident on emotional stimulation. The tendon-re/Jexes were slightly ex- 
aggerated on the right side. Possibly there was also some slight hypo- 
esthesia to pain and temperature on the right half of the body and 
ac rimes slight diflSlculcy in naming objects. The optic discs were normal; 
she did not cooperate for careful examination of the visual fields. There 
were no evidences of lues or cardiovascular disease. A roentgenogram 
of the skull was normal. The clinical impression was of early tumor 
of the left temporal lobe. 

A left osteoplastic craniotomy therefore was performed. The brain 
was nor cense. A snh^mpocal d&xsmpcessian was made. An cxpladag 
needle met resistance as from a tumor at a depth of 4 cm. under the sur- 
face of the temporal lobe- The tumor was judged to be inoperable 
and the wound closed. The parient remained after the operation for 
several days in a sort of cataleptic stupor. She seemed to be peacefully 
sleeping. The bloodpressure and pulserate were normal and the de- 
compressed area not tense. She did not talk but would open the eyes, 
put out the tongue, or squeeze the hand on command. The right arm 
and leg seemed weak. It was not until two weeks later that she began 
to arouse. She was given a suberythema-dose of roentgen-radiarion and 
discharged with what seemed to be an almost complete motor aphasia 
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and a right hemiparesis. She improved steadily for about a month, was 
walking around the home and speaking fairly well and then began 
steadily to decline. Two months later she was bedridden, completely 
irresponsive, a blank expression on her face, incontinent, and with a 
right hemiplegia. The decompressed area was perfealy flat; it never 
bulged at any time during the course of her illness. No further radiation 
was advised since some doubt was felt concerning the diagnosis, and 
a few days later she died. 



Fia 118. Cross seaion of brain from Casbxxxiv. Tumor destroys rbe left island 
and extends dowatvard into the left cerebral pedunae. 


A postmortem examination was restriaed to the head and disclosed, 
as you see (Fig. 118), a large tumor in the left hemisphere which has 
destroyed the island and extended into the internal capsule and thal- 
amus, pushing the midline far to the right. Its cut surface is studded 
with hemorrhages, degenerated areas, and small cysts. 

The other patient (case XXXV) was a mid^e-aged school-teacher 
who after a strenuous year complained of being tired but otherwise 
was well until one day she suddenly stopped talking, then screamed and 
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became stiff and trembled all over. She remained unconscious until 
the next morning, having in the meantime two other trembling-spells. 
She was then well except for occasional complaint of headache for three 
months when one day after dinner she became dizzy, talked somewhat 
incoherently for an hour or more and then had another convulsion. It 
began with twitching in the right side of the face and turning of the 
eyes to the right. She screamed, lost consciousness and thrashed about 
for half an hour. Since that time she had not been quite right mentally. 

When she was admitted to the hospital two days after this last ac- 
cident she was inattentive and disoriented. In speaking there seemed 
to be slightly less action on the right side of the face. The right biceps 
reflex was slightly more brisk than the left. Her speech was somewhat 
monotonous; as her sister expressed it "slow, deliberate, and halting.” 
There seemed to be no aphasia. There was no sensory disturbance ex- 
cept possibly to two-point discrimination in the right band. The right 
abdominal reflex was less brisk than the left. The pressure of the spinal 
fluid was only 100 ram. of water. There was no edema of the optic 
discs and no defect could be found in the visual fields. The clinical 
impression was tumor of the left frontal lobe, but vascular insult could 
not be ruled out in spite of the absence of any evidence of cardiovascu- 
lar disease, so air was injected into the ventricles. No dilatation or 
distortion of the ventricular system was seen; the temporal horns were 
well filled and seemed perfealy normal. After the ventricular puncture 
she became mentally much clearer and spoke freely. She was discharged 
with the advice that she give up her teaching. The final impression was 
of a degenerative disease of the brain. After discharge she continued 
to speak normally but the sister (a physician) noted that she seemed 
often not to understand what was said to her, became more and more 
apathetic and £nalJy died about two months Jater. She did not compJaSn 
of headache, did not vomit, and there was never any choking of the 
optic discs. Necropsy revealed a glioblastoma which occupied the tip of 
the left temporal lobe, compressed the basal ganglia and displaced the 
midline slightly to the right. 

The GROSS APPEARANCE of glioblastoma multiforme (232), one of 
the most vicious of all intracranial tumors, is one of the most beautiful 
when seen at necropsy. The cut surface is a kaleidoscopic display of 
reds, browns, yellows, grays, and greens. This appearance results from 
the numerous degenerations and hemorrhages, old and new, which 
have occurred in the tumor. These tumors are usually subcortical so 
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that one sees on the surface of the brain only flattening of the convolu- 
tions, which may be purely local if the tumor be near the surface, or 
generalized if intracranial tension has been long increased. When the 
tumor has reached the surface a reddish-gray area is visible within 
which it may be possible to trace the course of the gyri and sulci but 
usually they are obliterated or pushed to the periphery of the lesion 
and compressed. Sometimes the tumor becomes adherent to the dura 
mater and this fact, together with the compression of the surrounding 



Fig. 119 Typical glioblasroma multiform? which has invaded and destroyed 
without much distortion of the brain. 


gyri, may lead to an erroneous diagnosis of meningeal tumor until the 
attempt is made to dissea the tumor away from the brain. The surfaa 
of the tumor is very vascular and the bloodvessels in the neighborhood 
are dilated. Sections through the tumor usually disclose that it is both 
invasive and expansile, hfany of the normal structures have been de- 
stroyed by the growth, others pushed aside. The sagittal plane is usu- 
ally displaced to the opposite side. Often, however, such a tumor seems 
to grow almost exclusively by invasion and dKtruction so that the sur- 
rounding structures are barely distorted (Fig. 119). The exaa margin 
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is marked by the increased vascularity, especially in the subcortical 
regions. There is no capsule, either of connective tissue or gliosis. Often 
in the neighborhood of the tumor is a marked edema which may be 
more responsible for the intracranial hypertension than the size of the 
tumor. When the tumor develops in the neighborhood of one of the 
major arterial trunks softening of the brain may result from the occlu- 
sion of its blood-supply. It seems to have difficulty in penetrating large 
fiber-tracts such as the internal capsule or corpus callosum. 



Fig. 120. Drawing of microscopical preparation of a glioblastoma multiforme. 


MICROSCOPICAL STUDY rcveals a bewildering series of cellular forms 
and appearances; hence the name of glioblastoma multiforme (Fig. 
120) . Most commonly the predominant type of cell is small with scanty 
cytoplasm and oval nucleus. Mitotic figures are numerous and many 
are abnormal. It is possible also that amitotic division occurs. At any 
rate multinucleated giant<ells are frequent and in many of them the 
nuclei can be seen to be connected by strands of the nuclear membrane 
as in the nuclei of polymorphonuclear leucocytes. In many such tumors 
the cells are predominantly spindle-shaped so that they were long' 
supposed to be akin to the spindle-celled sarcomas arising from con- 
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nective tissue and were accordingly called gliosarcomas. These two types 
of tumor can, however, be readily distinguished by a careful study. 
The cells of the glioblastoma multiforme never form collagen, elastin, 
or reticulin. The conneaive tissue in these tumors is always confined 
to the walls of the bloodvessels except in necrotic areas and even here 
the dividing line between glioma and gtanulating tissue is sharp and 
easily seen. The nature of the neoplastic cells is clearly proved by 
impregnation with specific methods for the neuroglia. For this purpose 
absolutely fresh material and perfect technique are necessary and the 
impregnations must be made at a much higher temperature than is 
necessary for the normal neuroglia. It is then possible to see that nu- 
merous neoplastic cells resemble closely unipolar or bipolar spongio- 
blasts or astroblasts and that many are even abnormally developed 
astrocytes. The last cells are apt to be most evident near the bloodvessels 
and often have their bodies closely applied to the walls after the fashion 
of the normal perivascular astrocytes (of Andriezen) . 

Bloodvessels are numerous and quite abnormal in strucwre. For this 
reason the symptoms of these tumots often develop acutely from throm- 
bosis or hemorrhage. Their walls are thin and composed of an endo- 
thelial sheath surrounded by strands of collagenic tissue. There is never 
a muscular sheath. The connective tissue is usually degenerating, edema- 
tous, infiltrated with fat, or hyalinized. Tortuosities and aneurysmal dila- 
tations ate frequent. PcoUfecatton of the intima and thromboses ate 
numerous. From such thin-walled and degenerated vessels it is under- 
standable that numerous hemorrhages and softenings occur. It is often 
difficult to find an area of healthy neoplastic cells for study. The degen- 
erated areas often lie in long streaks with the pyknocic nuclei pushed to 
the periphery to form pseudopalisades. The earliest degenerative change 
in the parenchyma of the tumor seems to be a matting together of the 
processes of the cells. The entire cytoplasm becomes homogeneous and 
appears to form a syncytium. In these areas fat is formed and numerotis 
macrophages appear to aid in the removal of the degenerated material. 
These macrophages are readily demonstrated by supravital examination 
in a weak solution of neutral red. Their presence is an important aid 
in the immediate diagnosis of these tumors because they are rarely pres- 
ent in otheV types of glioma. As the tissue dies and the products of its 
degeneration'^re removed the necrotic zone is invaded by young fibro- 
blasts and typWl granulating tissue may lesult which later transforms 
itself into a collagenic scar. But in other cases exudation from the ves- 
\ ' 
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sels prevents the organization of the necrotic area and ragged cavi- 
ties are formed, filled with a dark, yellowish fluid with a high content 
of albumen and debris of necrotic tissue. This fluid usually clots when 
exposed to the air. The proliferating fibroblasts do the best they can 
under these circumstances and attempt to form a wall of connective 
tissue around the cavity. 

The multifarious processes of degeneration, hemorrhage, and reor- 
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Fig. 121. Graph of age-distributioa of glioblastoma multiforme 


ganization which go on in the tumor, plus the polymorphous structure 
of the neoplastic cells, amply justify the name of glioblastoma multi- 
forme now applied to this tumor. The margin of the tumor, difficult 
to determine with the naked eye, is no more defim’te under the micro- 
scope. The neoplastic cells invade'the surrounding cerebrum and mitotic 
figures may be found in what appears to be normal tissue. On the other 
hand, neurones and particularly axones with their myelin-sheaths are 
often found within what is obviously nwplasm. These findings indicate 
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that the tumor advances by inhltratiog the surrounding tissue but ocra* 
sionally it increases in size faster than the infiltration, resulting in a 
fairly sharp margin, and compression of the normal tissue. 

These tumors form a vast group which could doubtless be sub- 
divided on morphological grounds into many subgroups, but there 
seems little practical advantage in doing so. One fairly well character- 
ized subgroup has, however, been segregated in which the predominant 
cell-type resembles an astroblast. These astroblastomas ( 42 ) have ap- 
proximately the same site of origin, a^-incidence, and gross appear- 
ance, but are slightly less malignant. 

The preceding records give us a rather confused, hence adequate, con- 
ception of the clinical course of this malignant tumor. No group of 
symptoms forms a definite syndrome typical of it. The impression of pre- 
dominantly aphasic disturbances is doubtless due to the distressing 
nature of these symptoms, since statistics do not prove any greater inci- 
dence in the left hemisphere. It is characteristically a tumor of the 
cerebral hemispheres of adults, the average age of onset of symptoms 
being about forty years (Fig. 121). The average length of life is about 
twelve to fifteen months. It grows very rapidly, giving usually severe 
signs of increased intracranial tension within a few months. But in many 
cases the neurological symptoms may precede for some time the onset 
of pressure-symptoms and the symptoms are so often sudden in onset, 
due to hemorrhages and thromboses within the tumor, that the diagnosis 
from primary vascular diseases is difficult ( 183 ). This rumor furnishes 
the most striking exceptions to the general rule which we have given 
that intracranial tumor is characterized by a gradual progression of the 
symptoms. The neurological manifestations of the glioblastoma are as 
manifold as the physiology of the cerebrum and usually the widespread- 
ing growth of the lesion makes their interpretation difficult. These 
tumors are, therefore, of little use for the study of the local pathophysi- 
ology of the brain. We may say that whenever a middle-aged patient, 
otherwise in good health, has suddenly evidence of an insult to the 
brain, recovers, but soon has another accident and then begins to suffer 
from headache, a glioblastoma should be suspected. The rapid addition 
of new symptoms indicating the involvement of adjacent parts of the 
cerebrum makes the diagnosis almost certain even in the absence of 
signs of increased intracranial tension. 

The DIAGNOSIS must be made principally from syphilis, vascular 
degenerative disease, encephalitis, or rarely from degenerative paren- 
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chymatous degenerations of the type of presenile dementia. The differ- 
entiation of syphilis is based principally on the characteristic symptoms 
which this disease provokes in the nervous system. When these are 
present, when a history of syphilitic infection is obtained and the sero- 
logical syphilitic reactions are positive the diagnosis is easy; at any 
rate, the patient should be given intensive antiluetic treatment, remem- 
bering, however, that it is possible for a luetic patient to develop a 
glioma. If the symptoms do not promptly yield, or if they progress 
under treatment, one should not hesitate to operate, because it has been 
amply proved that syphilis of the brain, resistant to treatment, often im- 
proves promptly after craniotomy (337). The operation should be 
made under local anesthesia because patients with cerebral syphilis 
take anesthetics badly {512). 

Before the signs of increased intracranial tension appear it may be 
difficult to differentiate between glioblastoma and arteriosclerosis of the 
cerebral vessels. The latter can exist when signs of general cardiovascu- 
lar disease are absent. The symptoms are quite similar in both diseases 
because they are due to the same cause — thromboses or small hemor- 
rhages within the brain or tumor {365). If may be only when signs 
of increased intracranial pressure appear that the correa diagnosis is 
suspected. Of course thromboses of the major cerebral aneries are not 
apt to be confused because of their charaaeristic neurological sequels, 
but repeated smaller softenings lead to difficulty in diagnosis. In the 
presence of general vascular hypertension another source of error arises. 
Increased intracranial tension, splitting headaches, and even actual chok- 
ing of the optic discs may be due to genera! vascular hypertension alone. 
A few small softenings are all that are needed to complete the simili- 
tude. The fact that a patient with vascular hypertension may develop 
a tumor is of little practical importance because any attempt to operate 
for brain-tumor on a patient with vascular hypertension ordinarily ends 
in disaster from cerebral hemorrhage. 

There is no question that various types of encephalitis of known or 
unknown origin may cause choking of the optic discs and increased 
intracranial tension {295). Usually in these cases the absence of 
localizing symptoms makes one suspicious and various aincomitant 
symptoms, such as fever, palatal weakness, or ocular palsies, point to 
the correct diagnosis. 

Glioblastoma developing in the frontal lobes, corpus callosum or 
left temporal region may cause sudi profound intellectual deficit that 
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a primary degenerative disease is suspeaed. If the Wassermann reaction 
happens to be positive, general paresis is diagnosed, otherwise senile 
or presenile dementia. The inexorable march of events usually clears 
the situation within a brief time. Because of the age at which these 
tumors develop, the possibility of metastatic tumor must also be kept in 
mind and a careful search made for a primary lesion, which is often a 
syraptomless carcinoma of the lungs (see p. 358). 

The TREATMENT of glioblasfoma multiforme is most disappointing. 
One needs only a brief familiarity with a few specimens obtained at 
necropsy, such as I have shown you, to realhe that there is a desperate 
need of some method of establishing the pathological diagnosis (see p. 
395 ) without an exploratory operation; it would save much futile labor. 
It is obvious that any surgical attack must be radical. The surgeon must 
cut "high, wide, and handsome"and is immediately checked by a realiza- 
tion of the results of such a procedure. Proposak to remove the entire 
hemisphere have been made; even though successful, the wreck which 
would result would rarely be worth preserving. Moreover, numerous are 
the tumors which spread into the opposite hemisphere ( 3 $ 9 ) . No gen- 
eral rules can be laid down. When the tumor lies in the ocdpital or 
frontal poles, or even in the right temporal pole, a radical excision may 
be attempted, elsewhere the surgeon will be guided by his knowledge, or 
by his temerity, and attempt a partial removal or content himself with 
a decompression. There remains then only roentgen-radiation which Is 
sometimes temporarily effeaive but apt to cause hemorrhages into the 
growth and, if pushed too far, to cause degeneration of the brain (479) . 
In the case of no other tumor of the brain is there so much controversy 
over the proper management, sufficient evidence that no method Is 
effective. 
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SPONGIOBLASTOMAS 

SYNDROME OF THE OPTIC CHIASM PALLIDAL SYNDROME 
SYNDROMES OF THE BRAINSTEM 

There is yet another type of glioma which is sufficiently charaaeris- 
tic to justify its desaiption apart. It has a tendency to occur along the 
brainstem from the optic nerves anteriorly to the bulb posteriorly. It 
was called "neurinoma centrale" by Josephy because of the resemblance 
of its structure to that of the acoustic neurinomas. Like the latter tumors 
it is apt to be associated with genera! neurofibromatosis. We have 
usually spoken of it as spongioblastoma unipolare et bipolare and by 
others it is called spongioblastoma polare. These terms were intended 
to distinguish it from the glioblastoma multiforme which is also by 
some authors called spongioblastoma. The cells of the latter tumor, 
however, resemble much less closely than do those of the polar spon- 
gioblastomas the spongioblasts of the developing nervous system. It. 
seems best to restrict the term to the tumors we are now about to study. 
These spongioblastomas occur frequently in the optic nerves, chiasm, 
and tracts. Although they are not the only gliomas to occur in this 
region they are the charaaeristic tumots of these struemres. We have 
two such patients to study today. 

The first (case xxxvi) is a rather stout girl of fourteen years who 
was always well until four years ago when she began to notice trouble 
whii reading from the biackboard at school. A year later sbe had pain 
in the back. Spina bifida occulta was found and a brace was fitted. Sbe 
wore this for a short time and has not since needed it. I first saw her 
two years ago. At that time she was rather thin. Over the body were 
numerous brownish patches, the largest 3 era. in diameter. There were 
also numerous subcutaneous violet nodules, attached to the skin and 
feeling like tangles of vessels. There was a nodule in the right cubital 
fossa, hard, rounded, about 2 cm. in length by 1.5 cm. in width, not 
attached to the skin and seemingly in the course of the median nerve. 
Smaller nodules were palpable along the right supraorbital and left 
greater auricular nerves. Over the anterior aspect of the right ankle 
315 
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was a mushy swelling which sagged somewhat and in which numerous 
hard lumps could be felt. Roentgenogram of the sella turcica showed 
that the anterior clinoid processes were eroded. The optic foramina 
were both enlarged, the left much more so (Fig. 122). There was a 
bilateral optic atrophy, but the upper inner quadrant of the left eye 
was quite pink. The vision was 0.1 in the right eye and 0.5 in the 
left eye. The visual fields were greatly constricted, with a remaining 
island of vision on the nasal side in each eye. A diagnosis of glioma 
of the optic chiasm was made and roent^n-radiation advised. She was 
taken elsewhere for advice, where a right osteoplastic flap was turned 
down and the diagnosis of tumor of the optic chiasm verified but no 



Fig. 122. Scheiues from roentgenograms of Case xxxvi 
C ompare Place vil. 


tissue was removed for microscopical study. The nodule in the right 
cubital fossa was also exposed, found to be a fusiform enlargement of 
the median nerve, and no attempt was made to remove it. 

She returned here afterward for roentgen-radiation. She has gained 
thirty-eight pounds in weight (Fig. 123) and her vision is about the 
same — right 0.1 and left 0.6. The visual fields are slightly enlarged; 
there is now a practically complete temporal hemianopia in the left 
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eye with sparing of macula. In the right eye there is also a temporal • 
hemianopia with sparing of the macula, and in addition a large island 
of temporal peripheral vision (Fig. 124). Her basal metabolism is now . 



Fig. 123. At the left, Case xxxvi. Note the pigmented patches and the soft 
plexifonn neuroma above the right aokle. At the n^t a seven year old boy with 
pubertas praecox from tumor of the infundibulum. 

— 11. She has not begun to menstruate. She goes to school and ODnsid- 
ers herself perfectly well. 

The association of these chiasmal gltomas with generalized neuro- 
fibromatosis is not uncommon and has long been known. The tumor 
may be confined to the optic chiasm, tracts, and nerves, but from its 
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situation one should not be surprised k> find the tumor invading or com- 
pressing the hypothalamus. We are familiar with the symptoms which 
one might expect to occur from such an Involvement, but In this patient 
we note only the rather rapid gain in weight to indicate an extension of 
the growth. 

The second patient (case xxxvii) has a whole series of symptoms 
which we have learned to refer to the hypothalamic region. He is a 
boy of ten years who enters in a wheel-chair because he has just been 



Fig \1A Visiul fields from Case xxxvl 

operated upon. He dates his illness back some four years when his 
parents noted that he squinted and did not see well with the left eye. 
In his previous history we find of interest only that he weighed twelve 
pounds at birth and was always big for his age. When started to school 
at the age of five he was as big as his brother of seven. He always did 
his school-work well. He complained of occasional headache since the 
age of five years and there was a pericKl about that time when he drank 
excessively and wet the bed at night. The thirst later disappeared but 
the bed-wetting continued. A year ago he had severe headaches with 
vomiting. After this he lost ambition, slept much during the day, and 
gained twenty-five pounds in weight. His memory failed so that he 
could no longer keep up his school-work. 
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When admitted to the hospital a ojuple of weeks a^ he was very 
indifferent, but oriented. He slept a great deal and was content to lie 
in bed, never asking to get up and never asking about his parents. He 
was occasionally incontinent. He was obese (weight, 55 kilograms; 
height, 157 centimeters). His basal merabolic rate was — 30. His head 
was enlarged and gave a "cracked-pot” note when percussed. The skin 
was smooth and delicate, the body hairless. The genitalia were small; 
the testes were descended but very small. The pupils were dilated. The 
right reaaed consensually but not direaly, the left reacted direaly but 
not consensually; convergence was impossible. There was a complete 
primary right optic atrophy. The left optic disc was pale in its temporal 
half but the nasal half was pink; the margins of this disc were blurred 
but no elevation was measured. There were no changes in the retinal 
vessels, no hemorrhages or exudates. He could count fingers with 
the left eye but it was impossible to plot the visual field because he 
did not cooperate. Roentgenogram of the head disclosed a dilatation 
of the sutures and enlargement of the sella turcica with marked erosion 
of the anterior and posterior clinoid pro«sses. No calcification was seen 
in the suprasellar region. There was no polyuria and no polydipsia. 

The condition was thought to be due to a suprasellar cyst, although 
there was no suprasellar calcification, and an attempt was made to 
puncture it through a dilated suture of the skull without success. Roent- 
genograms were then made of the optic foramina. The left was only 
slightly dilated but the tight could not be certainly identified. It seemed 
either not to show in the roentgenogram or to be so dilated as to be 
unrecognizable. The diagnosis remaining in doubt, a tight frontotem- 
poral osteoplastic exploration was made under local anesthesia. The 
lateral ventricle was punctured, the dura mater opened and the frontal 
lobe retracted. In place of the right optic nerve could be seen a grayish 
mass of tumor with a large tortuous vein on its surface. It contained 
a cyst from which 4 ccm. of yellow clotting fluid were obtained. The 
anterior wall of the cyst was removed. The wound was then closed. The 
child was not much affeaed by the operation except that his temperature 
rose to 39.4° and has not entirely subsided to normal now on the fourth 
postoperative day. His water-intake has increased only slightly. The 
tumor was shown to be a spongioblastoma by miaoscopical examina- 
tion. 

In this case the adiposity, polyuria, somnolence, and genital atrophy 
all indicate that the hypothalamus has been badly damaged by the tu- 



318 


INTRACRANIAL TUMORS 


mor. These two patients illustrate practically all the salient features of 
GLIOMAS OF THE OPTIC CHIASM, as they are called, although they 
rarely are confined to the chiasm alone but may involve the optic nerves 
even as far as the retina, also the optic tracts and, as we have learned, 
even the hypothalamus as well. 

These tumors usually c/tuse symptoms in childhood (338), rarely 
later than young adult age. They are often associated with generalized 
neurofibromatosis. Hypothalamic symptoms are the rule, adiposity be- 
ing the most common, but polyuria, somnolence, and genital atrophy 
also occur. The most significant signs are ophthalmological. The visual 
fields are usually generally consttiaed, with bizarre outlines, although a 
homonymous or bitemporal defea is not uncommon. Rarely is there 
a clean-cut hemianopia. The appearance of the fundi is often confus- 
ing. The appearance may be that of a primary optic atrophy, or a frank 
papilledema, but usually there is a mixture of atrophy and swelling. 
Sometimes there is not enough visible change to account for the loss of 
vision, or the atrophy may be too great to be accounted for by the degree 
of choking of the discs. Bizarre combinations of visual findings in a 
child should always arouse suspicion. It is strange that the appearance 
of a retrobulbar neuritis with central scotoma is rarely produced. The 
sella curdca is often eroded, especially around the anterior clinoldal 
processes. The reason is readily understood when the optic foramina 
are visualized since they are often widely dilated by the tumor extend- 
ing through them; usually one is much more alfeaed than the other. 
Rarely the intra-orbital part of the tumor is sufficiently large to cause 
exophthalmos. 

Gliomas of the optic clfiasm must be diagnosed from other tumors 
in the neighborhood of the chiasm, chiefly hypophysial adenomas and 
craniopharyngiomas. The adenoma is usually readily excluded; the bal- 
looned sella is lacking and the patient is too young. The craniopharyn- 
gioma is not readily excluded if its telltale suprasellar calcification is 
absent. In this case one can be certain only by demonstrating the dilata- 
tion of one or both optic foramina which never in my experience is 
produced by the craniopharyngioma, “nie examination of a child with 
hypothalamic symptoms should never be considered complete without 
roentgenograms of the optic foramina. There is also a rare meningeal 
tumor which develops in the sheaths of the optic nerves. Its symptoms 
may be identical with those of gliomas of these structures but it usually 
occurs in adults. 
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The treatment of gliomas of the optic chiasm is naturally rather 
unsatisfactory. It is not advisable to extirpate them because 6f the in- 
evitable resulting blindness. Moreover, the mere exposure at operation 
of one of these tumors is often followed by hyperthermia and death. 
The attempt to remove the tumor would merely increase the injury 
to the already involved hypothalamus and the operative mortality would 



Fig. 125. Median section of a brain with a spongioblastoma of the optic chiasm. 


be great. Luckily these tumors are fairly benign; roentgen-radiation 
arrests their progress rather effectively and even brings improvement 
in vision. The preoperative diagnosis is, therefore, important because 
it is the only glioma, with the exception of pontine gliomas, that it is 
advisable to radiate before operation. Even a subtemporal decompres- 
sion may cause death from hyperthermia. 

When exposed at operation one sees a reddish-gray swelling of 
the chiasm, or of one or both optic nerves anterior to the chiasm. Some- 
times the swelling of one nerve is so great as to obscure entirely the 
chiasm and opposite nerve. At necropsy the extent of the tumor is 
sometimes surprising. It may occupy the anterior half of the region 
of the third ventricle, flattening the hypophysis into the sella (Fig. 
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The striatum receives a projection from various areas of the cerebral 
cortex {177) and sends fibers m the pallidum, perhaps also to the 
substantia nigra. The pallidum receives fibers from the striatum, from 
the subthalamic nucleus and perhaps from restricted areas of the cere- 
bral cortex. It sends fibers to the subthalamic nucleus, to the hypo- 
thalamus and, via the ansa and fasciculus lenticularis, then the fasciculus 
thalamicus, to the nucleus vencralis anterior of the thalamus (400). 
The conneaions of the substantia nigra are not finally established. It is 
doubtless closely related to the pallidum, having a similar chemical 
composition, and sends fibers to it. These ganglia have a great influence 
on skeletal muscular activity but the manner of their action is only 
beginning to be understood (66). 

Very marked degenerative changes occur in the striatum in cases of 
a disease (Wilson's) known as progressive lenticular denegeration, also 
in cases of pseudosclerosis (Westphal-Strumpell), in cases of progres- 
sive lenticular dystonia, of double congenital athetosis and of poison- 
ing with carbon monoxide. These affeaions are all marked by irregular 
muscular movements — tremors, chorea, athetosis, dystonias, spasms. 
But, since in these diseases the lesions are not confined to the striatum 
and since tremors and other irregular muscular movements may result 
from lesions of other regions, such as the nucleus subthalamicum or su- 
perior cerebellar peduncle, it seems impossible at the present time to 
enumerate the symptoms characteristic of a striatal syndrome. Move- 
ments of these types are rarely seen with brain-tumors and are of doubt- 
ful significance for localization (362). Another symptom often ob- 
served in the above-mentioned diseases is muscular hypertonicity, but 
this symptom reaches its acme in paralysis agitans (Parkinson’s disease) 
especially in the so-called Parkinsonian states following epidemic en- 
cephaVins. Since in these cases die degenerative changes seem to pre- 
dominate in the pallidum, and the closely related substantia nigra, these 
states ate often spoken of as constituting the pallidal syndrome (^14). 
I have here a patient with a very pronounced pallidal syndrome. 

He (case xxxviii) is a man sixty-six years of age, who was sent 
to this clinic suspected of having a tumor of the brain. He had always 
been well and active in his business until six years ago when he had 
an attack of vomiting and was advised to enter a hospital. Here his 
sinuses were examined because of his complaint of headache, but noth- 
ing abnormal was found. He was treated for duodenal ulcer although 
no positive evidence of an ulcer was obtained. About a year later he 
had another attack of vomiting widi headache and at this time it was 
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noticed that his right leg was weak. Occasional attacks of vomidng 
recurred during the succeeding years until two years ago when a par- 
ticularly severe attack of headache and vomiting sent him again to the 
hospital for a few days. Although he was not unconscious at the time 
he had subsequently no recollection of having been in the hospital. Six 
months later his friends noted that he handled himself clumsily, espe- 
dally in going up or down stairs, and that he spilled his food often. 
Another attack of headache and vomiting during which he was drowsy 
and tired was followed by inacasing difficulty in walking. He tried 
osteopathic treatments but they seemed to increase his headache and 
he continued to vomit. He hnaily became bedridden, his memory failed 
and he seemed to "think less well." 

The patient lies in bed motionless and one is immediately impressed 
by the expressionless face. It is as if froaen. He does not answer ques- 
tions but continues to stare directly ahead. After a moment one ob- 
serves what is peculiar about this stare — the fact that he never winks. 
The expression in his eyes is clearly unfriendly. Previously he was some- 
what amused by our examinations but has lately become irritated by 
what he calls our "monkey business." He cobperates very little during 
the examination. He can open and close his hands slowly but when 
urged to put his finger on his nose he moves the arm very little and only 
after a long delay. In the right hand is a very definite forced grasping. 

When an attempt is made to move the limbs passively we find to 
our surprise that they are very stiff. It requires considerable force m 
bend the joints. It is equally difficult to extend them. The impression 
which one gets is entirely different from that -we have already sradied 
in pyramidal lesions. In this case the muscular rigidity involves all the 
muscles of the limbs, although the hands and feet are less rigid than 
the proximal segments. It should be noted also that the limbs remain 
in the position given them; they can be moulded like a "lead pipe.” 
There is no tremor of the limbs but the movement of the elbows gives 
a "cog wheel” impression to the examiner’s hand, especially on the 
right side. The rigidity extends even to the trunk. When asked » get 
out of bed he has to be assisted to sit up. He comes up all in a piece like 
a tin-soldier; there is an absolute lack of the usiul automauc syncinetic 
movements. When placed on his feet he walks with short stiff steps 
and with a total absence of the usual automatic movements of walking. 
He has to be supported, else he falls over backward. 

The tendon-reflexes are all present but seem not to be exaggerated. 
The plantar reflex on the right side is not definitely normal. I persist 
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rather too long in my testing and suddenly he ejaculates "Gad! isn’t 
that enough?” and again "What the hell is the use of all this?" It is 
sufficiently evident that he can speak and he also comprehends well but 
it takes him a long time to respond. The right optic disc is normal; 
the left is blurred and slightly elevated. It is impossible to examine the 
visual fields. The left pupil is twice as large as the right but both re- 
act promptly to light. No sensory defect has been deteaed although 
examination is not satisfaaory. Roentgenogram of the head showed 
the dorsum sellae to be decalcified as from long<ontinued intracranial 
tension. 

It would be difficult to find a more complete pallidal syndrome. 
.1 have never seen such a pronounced rigidity associated with a tumor 
of the brain, yet the history is very suggestive of tumor and such in- 
stances have been described (368). His spinal fluid has been found 
normal. There is no evidence of lues or arteriosclerosis. The history 
is not at all that of encephalitis or multiple softenings, or of the or- 
dinary paralysis agitans. It was determined to make an encephalogram 
to help clear the diagnosis. An encephalogram was chosen rather than 
a ventriculogram because I wanted to visualiae especially the basilar 
regions of the brain. The encephalogram reveals a marked bilateral 
hydrocephalus. The septum pelluddum is displaced slightly to the left. 
The third ventricle seems to be pushed upward and forward. The aque- 
duct (of Sylvius) seems also to be displaced upward and backward and 
the distance between it and the basilar cistern seems abnormally great. 
There is no air in the fourth ventricle. The encephalogram seems to 
indicate an expansive lesion in the tegmentum mesencephali, perhaps 
extending forward into the basal ganglia, but we cannot put too much 
ffiith in our interpretation of these complicated shadows. At any rate, 
if a neoplasm is actually the cause of this mans difficulties, it is in a 
situation which precludes any attempt m deal with it surgically. The 
absence of choking of the optic discs does not argue against the possi- 
bility of a glioma in this situation. It is a strange fact that the gliomas 
of the brainstem cause swelling of the optic discs very late. Gliomas in 
this situation are often spongioblastomas. Since they are essentially be- 
nign tumors this possibility explains well the length of his clinical 
history. 

When these tumors lie still farther down the brainstem other clinical 
pictures are produced. The term brainstem means technically all the 
segmental apparatus of the brain, but I use it here in the more restriaed 
sense of the constricted portion of the brain extending from the mammil- 
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iary bodies and subthalaraus to the point of exit of the first cervical nerve. 
Since nearly all of the cranial nerves enter or leave this portion of the 
neuraxis and since it is traversed by all the long projection-pathways 
from the cerebrum to the spinal cord it may be understood that the symfh 
tomatology of its tumors is dominated by palsies of the cranial nerves 
and by various manifestations of quadriplegut. 1 will mention a few of 
the combinations which may re^c as they are described in the classical 



Fig. 127. At the left, thrombosis of the left vertebral artery causing right hemi* 
paresis and hemianesthesia (except face), and oo the left side a syndrome of 
Avellis associated with lingual hemiatrophy, hemicerebelJar syndrome, oculo- 
pupillary troubles, and facial anesthesia. At die tight, hemorrhage into the left 
cerebral peduncle causing paralysis of the left oculomotor nerve and a right 
hemiplegia ( after "Dejerine). 

syndromes (Fig. 127). In the medullary syndrome (of Avellis) one 
finds paralysis of the soft palate and vocal cord, accompanied often by 
hemianesthesia .\nd hemiparesis of the opposite side and by other symp- 
toms. In the anterior pontine syndrome (of Millard-Gubler) there is a 
contralat^l hem.’plegia without involvement of the face, and on the 
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side of the lesion an internal strabismus from palsy of the sixth nerve 
and a complete facial palsy. In the pontine syndrome (of Foville) the 
contralateral hemiplegia includes the lower face; there is also a contra- 
lateral hemianesthesia, and on the same side palsy of the sixth and sev- 
enth nerves and of conjugate lateral movements of the eyes to the side 
of the lesion, the patient looking toward the paralyzed side and away 
from the lesion. In the anterior peduncular syndrome (of Weber) there 
is contralareral hemiparesis including lower face and tongue, with (on 
the same side) paralysis of the third nerve causing ptosis, divergent stra- 
bismus and mydriasis. In the posterior peduncular syndrome (of Bene- 
dia) there is a crossed hemianesthesia and choreo-athetoid movements 
associated with the homolateral palsy of the third nerve. These examples 
will suffice to illustrate the kind of alternate palsies which are produced 
by lesions of the brainstem. The combinations just cited ate caused by 
vascular lesions and recur with some frequency since each is due to 
softening of a certain vascular area. They are marked by sudden onset 
often with coma. But when similar alternating palsies develop slowly 
and progressively, especially in young persons and before symptoms 
of intracranial hypertension occur, the presence of a tumor of the brdn- 
stem may be suspected. I can show you some fairly typical examples. 

Here is a small patient (case xxxk) who possibly has such a tu- 
mor. She is four years old and has always been well except for a mild 
scarlet fever at the age of two years. Two months ago her mother noted 
that the right eyelid drooped. A month later the left side of the mouth 
drooped and the left arm was used awkwardly. Soon afterward the 
left leg became weak. Three weeks ago she vomited for the first time. 
For the last three weeks she has been unable to walk. For the last two 
weeks her respirations have been irregular with many deep sighs. A 
week ago she had a headache for the first time, her breathing became 
seriously impaired and she w'as brought to the hospital. 

When admitted she lay in a semi-comatose state with the head 
turned to the left side and could be arotised to answer questions only 
in monosyllables. The left arm was spastic and semiflexed; the left 
leg was rigidly extended. There were continuous athetoid movements 
of the tight arm and leg. Respirations were slow, deep, and sighing. 
The right pupil measured 4 mm. and was fixed to light. The left pupil 
was 2 mm. in diameter and reacted sluggishly. The optic discs were 
normal. There was a ptosis of the right eyelid. The tight eye was turned 
down and out. There was a slight left facial weakness of peripheral 
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type on emotional stimulation. Hearing was definitely impaired, more 
on the right side. Swallowing was normal.’ The tongue protruded in 
the midline. Tendon-reflexes were brisk on both sides but more on the 
left. There was a clonus at the left ankle. There was an extensor plantar 
reflex on both sides, much more easily elicited on the left. Roentgeno- 
grams of the head were normal; the sella turdca was not eroded. There 
were periods of easy quiet respiration. But occasionally deep sighing 
respirations were interspersed and with each one the head was retracted 
and turned to the left and the right shoulder was lifted off the bed as 
the body was rotated to the left; at the same time the spastidty of the 
left side increased and the right side became quiet. Today you see that 
both arms and legs are rigid. She does not move any extremity vol- 
untarily but from time to time there are clonic spasms of the right 
atm and leg. Her head is in the midline and not retracted. There is a 
clonus at each ankle and an extensor plantar reflex on each side. She 
does not respond to questions. There is still no edema of the optic discs. 
The symptoms resembled in the beginning those of the posterior pe- 
duncular syndrome (of Benedict) and the tumor doubtless lies mainly 
in the right cerebral peduncle. No operation has therefore been under- 
taken. 

This male child (case xl), five years of age, had been well except 
for an uncomplicated mumps until about sb: months before his admis- 
sion to the hospital. At that time he seemed languid and not disposed 
to play. He whined and complained a great deai and twice vomited. 
But nothing very abnormal was noticed until seven weeks ago when he 
began to vomit persistently. He vomited at any time, suddenly and 
violently without nausea. Shortly afterward began a nodding tremor 
of the head and difficulty in walking. He staggered as if drunken and 
also dragged the left leg. His speech became nasal and indistinct. He 
complained very little of headache. 

When admitted to the hospital he lay listlessly in bed. There was 
no "cracked-pot" sound when the head was percussed and the neck 
was neither stiff nor tender. The optic discs were not choked. There was 
no obvious squint but the child seemed to be unable to move the eyes 
conjugately to either side. There was a paresis of the left facial nerve 
of peripheral type. The tongue protruded to the right; there were 
twitchings of the whole organ. The palate lagged on the left side. His 
speech was dysarthric and nasal. There was a left spastic hemiparesis 
with clonus of the ankle and extensor plantar reflex. There was no 
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clonus on the right side and no s|^tidty but an extensor plantar re- 
fiex was obtained also on this side. It was impossible because of lack 
of cooperation to examine satisfactorily smell, hearing, and general 
sensibility. The right corneal reflex seemed diminished and Ae ab- 
dominal and cremasteric reflexes vKte not obtained. 

With obvious difficulty of conjugate lateral movements of the 
eyes, paresis of the left seventh and tenth nerves, possibly also of 
the right fifth nerve, evidence of involvement of both pyramidal tracts 
and no symptoms of increase of intracranial tension a tumor of the 
brainstem in the region of the pons and bulb seemed most probable. 
The outlook seemed hopeless but on the chance that a cystic tumor 
might be present a suboccipital etploration was made. Under local 
anesthesia the suboccipital region was opened through a midline in- 
cision. The tonsils were not herniated into the foramen magnum. 
When the tonsils were separated the bulb could be seen to be greatly 
increased in size in every diameter. The floor of the fourth ventricle 
was bulged dorsally. No evidence of a cystic cavity was found by pal- 
pation so the wound was closed. The child's temperature went up 
to 40**; otherwise he was not much upset by the exploration. It is 
now two weeks later. He lies in a semi-sruporous condition staring 
straight forward. He makes constant sucking movements with his mouth 
and tongue. He reacts to a loud noise by a start and a turning of 
his eyes downward and inward in a ct>nvergent spasm. He can move 
his eyes upward but apparently not laterally. The pupils react to 
light; the right corneal reflex is absent. He cannot swallow. *1116 left 
arm and both legs are spastic. 'Ihe right arm is flaccid. The abdominal 
reflexes are not obtained The absence of the right cremasteric reflex 
can be explained by the fact that the right testis has not descended 
into tire scmcufli; die hk is pcescnc. 

The diagnosis of tumors of the brainstem is often difficult because of 
the absence of signs of increased intracranial tension (36). The acute 
forms of polioencephalitis, whether the superior type of Wernicke, the 
inferior type of Leyden or the mixed types associated with infectious 
diseases are tehtively easily differentiated. But the chronic forms may 
cause difficulty. When the lesions remain conflned to the motor nuclei 
in typical cases of progressive nuclear ophthalmoplegia or Duchenne’s 
progressive bulbar palsy confusion will not arise because tumors of the 
brainstem are almost always associated with signs of involvement of the 
pyramidal tracts and sensory pathvrays. But a bulbar palsy may be only a 
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part of an amyotrophic lateral sclerosis, of a multiple sclerosis, of bulbar 
lues Of other infectious or degenerative diseases. The diagnosis is then 
often impossible in the early stages and becomes clear only after the 
development of other mote characteristic signs of the causative disease. 
It is to be noted, however, that these chronic degenerative and infection 
diseases of the brainstem are found almost exclusively in adults. In 
childhood progressive palsies of the lower cranial nerves have in my 
experience always been found ultimately to be due to tumor. Formerly 
tubercle was common and praaically impossible to differentiate, but 
is nowadays very rare. 



FiC. 128. Median section of bnin with spongioblastoma of the poos. 


In children tumors of the brainstem must be differentiated mainly 
from cerebellar tumors. The diagnosis is usually not difficult. Tumors 
of the brainstem cause intracranial hypertension late and persistent 
vomiting, stiffness of the nedc and unsteady gait may precede its onset 
by a considerable period. Cerebellar tumors do not cause palsies of the 
cranial nerves until late and then usually only weakness and not the 
complete paralysis seen with tumor of the brainstem itself. Of course if 
the patient is seen late in the course of his illness and a good chrono- 
logical history cannot be obtained the differentiation may be very diffi- 
cult. It should not forgoti »n also that a tumor may involve both the 
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cerebellum and brainstem. 

In adults confusion is apt to axise with acoustic neurinoma if the 
tumor lies mainly in the pontine region. But the acoustic tumor by 
the time it involves other cranial nerves than the eighth has usu- 
ally caused obstruction of the circulation of cerebrospinal fluid and 
symptoms of intracranial hypertension. If one keeps in mind the regu- 
lar march of events in acoustic tumors fewer errors will be made. 
In pontine tumors the auditory symptoms are apt to occur late, the 



Fig. 129. Drawing of a microscopical preparation of a spongioblastoma. 


patients do not complain of suboccipital discomfort, vertical nystag- 
mus is frequent, and symptoms of intracranial tension may be absent 
long after there are marked cerebellar disturbances and extensive pal- 
sies of the cranial nerves. 

From tumors of the pineal body (cf. p. 347) tumors of the brain- 
stem differ in many ways. In pineal tumors paralysis of the conjugate 
upward movement of the eyes occurs; with pontine tumors paraly- 
sis of. the conjugate lateral movements. Palsies of the cranial nerves 
occur late with pineal tumors whereas they are early with tumors 
of the brainstem. Pineal tumors cause intraaanial hypertension early, 
perhaps by obstruction of the great rerebral vein (of Galen) as much 
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as hj obstruction of the circulation of cerebrospinal fluid. The symp- 
toms of pineal tumors have a tendency to be bilaterally symmetric^ 
especially the deafness. 

While all tumors of the brainstem are not spongioblastomas, this 
particular type of glioma is frequent in this region {5B4) just as it is in 
the optic chiasm. The spongioblastomas are relatively benign tumors 
which usually show little evidence of active growth. Their average time 
of evolution, forty-nine months, is undoubtedly shortened by the fre- 
quently unfavorable situation of the tumors. They may give symp- 
toms at any age but are especially liable to cause symptoms in child- 
hood when they occur in the optic chiasm. In this situation they arc 
also frequently associated with peripheral manifestations of neuro- 
fibromatosis. In the pons they cause a great swelling which was for- 
merly described as hypertrophy of the pons (Fig. 128). In gross ap- 
pearance the spongioblastomas are reddish gray, relatively avascular 
and soft. They are not encaf«ulared but are usually fairly sharply 
drcumsaibed. Cystic degeneration is frequent bur fatty degeneration 
and hemorrhage are rare. 

The MICROSCOPICAL STRUCTURE is composed mainly of bipolar and 
unipolar celb which resemble somewhat the spongioblasts of the devel- 
oping brain. The exact namre of the neoplastic cells is disputed. They 
have been thought to be elongated astrocytes or even olig^endroglia. 
They have oval nuclei with abundant chromatin. Mitoses are rare. Each 
cell has one of more long processes which stretch for long distances in 
the tissue and, since they have a tendency to lie parallel to each other, 
give a characteristic appearance to the tissue (Fig. 129). There are 
rarely differentiated neuroglial fibriJlae; usually the processes are stained 
as a whole by methods for neuroglia. The processes do not have any con- 
nection with the rare bloodvessek which traverse the tumor. They often 
undergo a sort of hyaline transformation, after which they stain very 
heavily and are sometimes swollen and beaded or twisted spirally (30)- 
Occasionally calcium-salts are deposited in these hyalinized masses. 

The prognosis of the spongioblastoma would be good if it were 
not for its often unfavorable situation which makes removal by opera- 
tion impossible. Treatment is, therefore, often restricted to roentgen- 
radiation which sometimes improves even those involving the optic 
chiasm. Occasionally a cystic spongioblastoma of the cerebellum is en- 
countered which can be removed and in these cases the patient remains 
p e rm anently well. 



Chapter 16 
PINEALOMAS 

SYNDROME OF THE PINEAL REGION DECEREBRATE SYNDROME 

Tumors of the pineal body are interesting, among other reasons, 
because the occasional associated symptoms of pubertas praecox gave 
rise to the hypothesis that the pineal body was a gland of internal 
secretion. The association of this developmental anomaly with increased 
intracranial pressure is very suggestive of pineal tumor as Frankl- 
Hochwart pointed out in 1909. Aside from the syndrome of precocious 
puberty, which naturally can arise only when the tumor develops before 
the age of puberty, the other symptoms even in adults are sufficiently 
characteristic to enable one to make a diagnosis of pineal tumor with 
considerable certainty in many cases. 

This woman (case xli) of thirty-two years is suffering from a 
pineal tumor. She says that she was always well and in good health 
until ten months ago when she ceased menstruating and began to 
have intermittent headaches. The patient dates hex illness from this 
time, but her sister informs us that as early as three years ago she 
began co be careless of her home and person, whereas previously 
she had been neat and a good housekeeper. She seems to have been 
also increasingly irritable. At auy rate since ten months ago she was 
definitely ill with headaches which were at first in the temples and 
later frontal. At first two or three days would pass without head- 
aches, but in the last five months they became constant and her vision 
failed- She consulted various doctors, who, because of the cessation 
of her menses, diagnosed endocrine disturbances and gave her ovarian 
and thyroid extracts. She had glasses fitted by an optometrist; they 
did not help her visioa About this rime her sister noted that she 
spilled her food and that she often seemed not to hear what was 
said to her. She began to walk with her chin held high. Her gait 
became unsteady and she often fell backward. Two months ago a 
physician made a lumbar puncture, after which she was much worse. 
She went about as in a dream; her vision and hearing rapidly failed. 
She grew quite stout. 

When admitted to the hospital she was very lethargic. There were 
bilateral choked discs of 2-3 diopters elevation with scars and second- 
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aty atrophy. The visual acuity of the tight eye was 0.2 and of the left 
eye 02 — 1; the visual fields were generally constriaed. The patient 
was unable to converge the eyes and was unable to look above the 
horizontal plane. There was a palsy of the left sixth nerve. The 
pupils reaaed feebly in accommodation and not at all to light. They 
were moderately dilated and equal in size. Hearing was greatly dimin- 
ished on both sides, both to conduction by air and by bone. There was a 
coarse tremor of the right hand. The gait was very unsteady, with 
a tendency to fall backward. The tendon-reflexes were all very brisk 
but no clonus was elicited. There was an extensor plantar reflex on 
both sides. Both legs were weak, especially the flexor groups of mus- 
cles. No asynergia or dysmetria of the extremities was found. The 
pelvic examination was normal. The basal metabolic rate was — 20. 
The roentgenogram of the head showed that the posterior clinoid proc- 
esses were absent. No calcification was seen in the region of the pineal 
body. The clinical impression was tumor of the pineal body. 

A right subtemporal decompression was made as a preliminary to 
roentgen radiation. The roentgen treatments have now been completed 
in a series of small doses. The deoimpressed area is bulging and 
fairly tense. She has very liale headache and is much more alert. The 
optic discs are still choked to 1.3 diopters. She is still quite deaf. 
You see that she cannot turn the eyes upward or downward and that 
the left eye does nor turn beyond the midline when she tries to look to 
the left. 

Tie characteristic symptom in this case is the inability to took up- 
ward. Paralysis of conjugate movement of the eyes upward occurs 
mainly by involvement of the tectum mesencephali and, since tumors of 
the tectum are excessively rare, praaically only by pressure from above. 
The tumors which develop in the supratectal region are almost ex- 
clusively of pineal origin {230). This symptom combined with intra- 
cranial hypertension is, therefore, almost certainly diagnostic of pineal 
tumor. One should be careful, however, in interpreting this symptom in 
children, who seem to have difficulty in looking upward when they have 
an internal hydrocephalus from any cause. 

Because of its situation the tumor causes other symptoms from 
involvement of nervous structures. Often the pupils are fixed and do 
not react to light although they may contract promptly in convergence 
and accommodation. {513). Bilateral partial deafness is often caused 
by pressure downward on the medial geniculate bodies which are, 
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of course, a relay-station for the conduction of impulses from the 
cochlea to the cerebral cortex. By pressure on the superior cerebellar 
peduncles marked cerebellar disturbances are produced and pineal tu- 
mors for dus reason are often operated on with a mistaken diagno- 
sis of cerebellar tumor. Nystagmus is not frequent. Bilateral spasticity 
of the lower extremities may occur; on the other hand numbness and 
objective sensory loss are rare (274) and pareses of the cranial nerves, 
aside from the conjugate dtfficulqr just mentioned, ate rare. The symp- 
toms and signs of intracranial hypertension occur early. 

In most discussions of the symptomatology of pineal tumors much 
is made of a constitutional disturbance known as macrogenitosomia 
PRAECOX. The term means that the child affeaed develops physically 
earlier than normally and this precocious development is especially 
evident in the genital system. The syndrome is rare with pineal tu- 
mors, and found practically only in male children. The mechanism 
of its proddaion is not known. It has been generally believed that 
the pineal body furnishes a seaetion which holds the development 
of the genitalia, also of the whole body to a certain extent, in check. 
At puberty an involution of the pineal body is supposed to happen, 
which diminishes its secretion, thus allowing sexual development to 
occur. There is little evidence to support this theory. The pineal 
ptimordiura is known to form in certain lower vertebrates a median 
eye. In the human being the pineal body is composed largely of a 
peculiar type of neuroglia with abundant septa of connective tissue. 
During development there are for a time ependymal canals, which 
later disappear. There is no evidence at any time of secretory activity 
and no evidence of any sudden change in structure at the time of 
puberty. There are many cases of destruction of the body by tumor 
before puberty without pubenas praecox and this syndrome may be 
produced by tumor elsewhere (275) while the pineal body is apparently 
normal (cf. Fig. 123). So that although precocious puberty plus intra- 
cranial hypertension usually means a pineal tumor, the localization al- 
ways needs confirmatory evidence. I can show you such a syndrome. 

This boy (CASE XLii) of twelve years had always been well un- 
til six months ago when at the beginning of the school-year he com- 
plained that his eyes ached if he tried to read. Bright light was also 
very painful and he preferred to remain in a darkened room. Two 
months later he began to have severe pains over the eyes, first in 
the left frontal region and then on both sides. He complained also 



334 INTRACRANIAL TUMORS 

of buzzing and singing in both ears. He vomited a few times when 
the pain in his head was very severe. His vision began to fail and 
he was brought to the clinic. 

He entered in a lethargic condition. He kept his eyes closed. When 
he opened them there seemed to be a slight ptosis of the left eyelid. 
Hie pupils were dilated, the left more so. Both reacted very slightly 
to bright light. He could apparently not converge his eyes. Conjugate 
upward movements were very limited and poorly sustained. There was 
a weakness of the left external recnis muscle. The optic discs were 
swollen about 3.5 diopters. Visual acuity was 0.4 with the right eye 
and 0.3 — 1 with the left; the visual fields were normal. Auditory 
acuity was only slightly impaired for high-pitched tones. There was 
no weakness of the extremities and no sensory loss. The knee-jerks 
were weak, the other reflexes normal. There were no signs of in- 
volvement of the cerebellum, and the neck was not tender or stiff. 
The pineal body was seen in the roentgenogram to be calcified and dis- 
placed downward and to the right of its normal position. 

Most important, however, was the general bodily appearance of 
the boy (cf. Fig. 123). He was 149 cm. in height and weighed 37.5 
kg. He had a deep masculine voice. His body was covered with a fine 
silky hair and he had considerable hair over the face and upper lip. 
The external genitalia were of adult size and there was an abundance 
of black pubic hair. His father mid me that his voice began to change 
and that the growth of hair and external genitalia occurred also about 
the same time as the onset of visual troubles. 

A diagnosis of pineal tumor was made. It was planned to give 
him roentgen treatments. As a preliminary the ventricles were punc- 
tured so as to have a means of <juick relief if he should reaa badly 
to the treatments. After the puncture, which was made with local an- 
esthesia, he became semiconscious and exceedingly restless. He tossed 
and wriggled constantly. His face was very flushed although he had 
no fever. His pulserate varied rapidly from 100 to less than 60 and 
he had periods of rapid deep respirations. There was a spontaneous 
nystagmus with the quick component to the right. After two days 
these symptoms disappeared. He was given a third of an erythema 
dose of roentgen-radiation. A few hours later he was comatose, the 
ventricle had to be punctured and a right subtemporal deaimpres- 
sion made. After that procedure he improved somewhat but it was 
necessary to puncture his ventricles repeatedly. It was obvious that 
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the obstruction to the aqueduct was complete and that an immediate 
attempt to remove the tumor was unavoidable. 

Under anesthesia with ether a boneflap was turned down in the 
right parietal region. The bone was ron^uxed away up to the sagittal 
sinus, the dura mater opened and the cerebrum retraaed, after liga- 
tion and division of one posterior superior cerebral vein. The greatly 
thinned splenium of the corpus callosum was divided and the grayish 
mass of the tumor exposed. Large veins could be seen on its sur- 
face. The capsule was split and the tumor found to be so tough that 
it was necessary to use the electric loop to remove it. The portion to 
the right of the falx cerebri was removed, but the lower border of 
the falx was firmly adherent to the tumor and an attempt to divide 
it provoked a profuse hemorrhage which was checked with difficulty. 
The wound was therefore closed with a drain left in the cavity of 
the tumor. To my surprise diere was no subsequent hyperthermia; 
the temperature continued to oscillate between 37'* and 38'*. The 
boy lay quietly, seeming to be peacefully sleeping. The eyes rolled 
slowly from side to side with an occasional convergent spasm. The 
pupils varied greatly in size and did not react to light. He could 
not be aroused to respond to any questions. He kept his teeth tightly 
clenched so that it was necessary to feed him by nasal tube. The 
decompressed area was very tense and I was obliged to puncture the 
lateral cerebral ventricles twice daily. There was a bilateral ankle- 
clonus and extensor plantar reflex although the limbs were fairly 
flaccid. In flexing the head on the chest to test for signs of meningeal 
irritation it was discovered that both forearms flexed. When the head 
was replaced on the bed the arms relaxed. Other movements of the 
head were then tried and it was found that, when the face was turned 
to the right, the right arm was extended and there was a slight ex- 
tensor movement of the right leg. At the same time the left forearm 
was flexed and the left leg did not move. When the face was rotated 
to the left the left arm extended, the tight leg relaxed and the right 
arm was flexed. 

These associated movements convinced me that there was a seri- 
ous compression of the brainstem for reasons which I will explain 
in detail a little later. This impression was confirmed by the tension in 
the ventricles, the absence of hyperthermia, and the unconsciousness. 
We know in a general way what is meant by the term "consciousness” 
but no one has ever been able to define it satisfactorily. It would be 
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foolish to try to locate a function of consciousness in the brain, but 
a sudden compression of the brainstem at the anterior extremity of the 
aqueduct will, in my experience, arrest consciousness more effectively 
than any other lesion of equal magnitude. It was determined, there- 
fore, to make another attempt to remove the remaining tumor. A bone- 
flap in the left parietal region was made with local anesthesia and 
the left half of the tumor removed as previously desaibed. The re- 
gion seemed completely collapsed and was drained as before. 

After the last operation his temperature oscillated between 38“ 
and 41“. His general condition remained unchanged. He lay quietly 
in bed, apparently awake, but made no response to any stimulus. The 
eyes rolled constantly to the left with an occasional convergent spasm 
during which the eyeballs were retraaed slightly. The pupils no longer 
oscillated in diameter but remained fixed to light. It is now seven 
days since the second operation. For the last two days his temperature 
has remained closely around 39* and he is beginning to moan oc- 
casionally. For the first time he objects to nasal feeding. His jaw is 
relaxed and the tension of his decompressed temporal region is en- 
tirely gone. The ventricles can be completely drained by lumbar punc- 
ture. He still has a bilateral extensor plantar reflex and the associated 
reaaions persist although not now so marked as formerly. It is these 
reactions which I want particularly to discuss with you because they 
are rarely seen in the clinic You note that when I flex the head on 
the chest both forearms are flexed and when I replace it on the bed 
the arms relax. Also when the head is rotated fordbly with the face 
to the right, the right arm slowly extends and the left is flexed. When 
the face is rotated to the left, the left arm is extended and the right 
flexed. The legs do not participate in these movements. These as- 
sociated movements are rarely seen in pauents but are very important 
because they confirm a long series of brilliant investigations of the 
physiology of the brainstem of animals. They are illustrations of what 
has been called the hierarchy of functions in the nervous 
SYSTEM ( 289 ). 

In the development of the oeuraxis one system of neural mech- 
anisms has been superimposed on another, culminating in the cerebral 
cortex, each superior one modifying the inferior ones. When one of 
the superior mechanisms ft deranged certain symptoms appear which 
are due to release of the inferior mechanism from control. These symp- 
toms were formerly thought to be due to irritation of the superior 
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mechanism by the lesion. Although such irritative symptoms occur, and 
are known in some instances, they are transitory, whereas the phenom- 
ena of release are permanent, hfany such release-phenomena have been 
elucidated by the physiologists and a few of them identified in the clinic, 
but their anatomical correlative mechanisms are imperfectly known. We 
may outline a few of them briefly. 

When the cerebral hemispheres and corpora striata are removed 
from an animal, say the cat, leaving the thalamus and lower parts of 
the central nervous system intaa, as soon as it recovers from the anes- 
thesia the animal rights itself into its normal sitting position. When 
placed in any abnormal position it immediately tights itself. Although 
it remains motionless if left alone, when stimulated it walks, runs, 
or jumps more or less normally after a few days. Its muscles seem 
to be perfectly well coordinated. While walking the tone of its mus- 
cles is essentially normal. The thalamus may also be removed with no 
change in motility, but the animals tend to be excessively aaive and 
so are not good subjects for experimentation. For the purpose of study- 
ing those reflexes which permit these animals to maintain their nor- 
' mal position so-called thalamus-animals are used, chat is to say, those 
in which the thalamus is still attach^] to the lower pordons of the 
nervous system. 

Four groups oi righting reflexes are tolated in these animals (328). 
If such an animal is held by the pelvis and turned into any position 
the head is always kept in the normal position in space. The stimu- 
lus which makes this possible has been shown to arise in the otolithic 
apparatus. This reflex is therefore called the labyrinthine righting reflex. 
When the otoliths are removed the head hangs supinely; but if the 
animal is now placed in the lateral position on the flcxjr the head is 
immediately righted into the normal horizontal plane. The stimulus 
for this reaction arises from pressure of the body on the floor. When 
a weighted board is plaad on the upper lateral surfaa of the body 
the head turns back into the lateral position. There is, then, a bodily 
righting reflex acting on the head. If the animal is lying on the floor 
and the head has been righted, the neck becomes twisted. This causes 
stimulation of nerves in the muscles and joints of the neck which in 
its turn gives rise to a cervical righting reflex acting on the body 
by which the body is rotated into symmetrical relation to the head. 
’]^e trunk being then twisted, the pelvis is brought into line. But the 
animal can right itself even if the head is held in the lateral posi- 
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tion; as soon as its lateral surfa<% touches the floor it rights itself io 
spite of the cervical righting reflex which would tend to hold it in 
the lateral position. More powerful than the cervical righting re- 



Fig. 130. Median sectioo of cat's brain showing various levels of transectioo and 
tbeli effeca. I— notmal muscular tone, normal tempetanire; Il—Hisuall^ normal 
tone, normal righting reflexes, regulation of temperature lost; Ill^^xaggerated 
muscat tone, labyrinthine tightiog reflex on the head and the body righting 
reflex on the body lost (decerebrate rigidity); IV— -exaggerated muscular tone, 
tonic cervical and labyrinthine reflexes persist, righting reflexes lost; V'-decere- 
brate rigidity lost, tonic labyrinthine reflex lost, tonic cervical reflexes on the 
limbs persist (decapitate animal). 



FiC. 131. Series of cats demonstrating effects of various transections of the bpi^ 
stem. A — decapitate animal; B— decrebrate animal; C, D— effect on the limbs 
0/ rotating the bead of a decerebrate animal. 
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flex, therefore, is a bodily righting reflex acting on the body. These 
are all the righting reflexes in the thalamus-animal. There is, at least 
in monkeys, also an optical righting reflex which is suppressed by decere- 
bration. 

The central mechanism of most of the righting reflexes lies at 
the level of the red nucleus (329). Their relation to this nucleus is 
not entirely dear. The cerebellum, however, is nor concerned; they 
persist after its complete removal. By careful decerebration below the 
red nudeus (Fig. 130, in) the labyrinthine righting reflex on the head 
and the bodily righting reflex on the body are absent but the cervi- 
cal righting reflex on the body persist. The neural mechanism for the 
last reaaion is, therefore, situated lower in the brainstem. The bodily 
righting reflex acting upon the head seems to have its center at the 
level of, but not in, the red nucleus. 

If a transverse seaion be now made across the cat’s brainstem 
(Fig. 130, in to iv) between the red nucleus and the vestibular nuclei, a 
most amazing change occurs in the attitude of the animal (Fig. 131 b). 
Certain muscles become very hypertonic, principally the extensors of the 
limbs, the elevators of the head, neck, and tail, and the extensors of the 
spine. The result is that the head is retraned, the tail lifted, the spine and 
limbs fully extended. The fore legs are retracted somewhat at the shoul- 
der and the footpads are direaed vcntrally. When such an animal is 
placed on its feet it stands, but in an exaggeration of the normal stand- 
ing position. This condition of decerebrate rigidity, as it is called, 
is a part of reflex standing (436). When such an animal is pushed 
over it cannot regain its normal standing or sitting posture. It lacks 
entirely the righting reflex charaaeristic of the thalamic anim al. The 
rigidity in these animals manifests certain charaaeristics: ( 1 ) the mus- 
cles oppose any attempt to stretch them but if the passive stretch- 
ing force is sufficiently strong a reflex inhibition causes the resistance 
suddenly to collapse; (2) there is a certain plasticity to the rigidity 
which enables the limb, when placed in any position, to maintain that 
position for a short time; and (3) the tendon-reflexes are brisk and 
by timing a succession of jerks the mxiscle can be progressively short- 
ened. 

The condition of decerebrate rigidity depends largely on the in- 
tegrity of die afferent nerves of Ae muscles involved but may be 
modified by changing the positioa of the head in space or in relation 
to the body. Strongly flexing the head decreases the tone in the fore 
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legs and incteases it in the hind legs, while elevating the head increases 
the tone in the fore legs and decreases it in the hind legs. The stimuli 
for these effects arise in the muscles and joints of the neck. The 
rigidity is at a minimum when the animal is in normal standing posi* 
tion with the snout at an angle of 45* below the horizontal plane and 
at a maximum when the animal is on his back with the snout at an 
angle of 45* above the horizontal plane. The impulses for these latter 
effects come from the labyrinths and affea all four limbs identically. 
The rigidity may also be modifi^ by turning the head even if the laby- 
rinths are removed. If it is rotated the tonus of the limbs toward which 
the snout is turned is increased, whereas the tonus of the limbs toward 
which the occiput is turned is diminished (Fig. 131, C, D). The im- 
pulses for these effects come from the cervical muscles and joints. These 
effects are due to the changed posture of the neck and persist as long 
as the new posture is maintained. They are, therefore, called tonic cervi- 
cal and labyrinthine reflexes. The sum total of all the tonic reflexes con- 
cerned in reflex standing are called standing reflexes. There are also 
tonic reflexes of the limbs, on the limbs, which we need not con- 
sider in detail. Such is the crossed extensor reflex. If one hind limb 
of the decerebrate animal be strongly flexed the opposite hind limb 
is tonically extended. Another example is the extension of the fore 
limb of the opposite side which may be obtained in favorable decere- 
brate animals by sudden forceful flexion of the knee-joint against 
the resistance offered by the quadriceps femoris muscle (385). The 
details of the standing reflexes vary in different spedes of animals. 
For example in the sloth, which hangs by its feet from the limbs of 
trees, the rigidity affects the flexor muscles (403). It seems, there- 
fore, that the condition involves principally the antigravity muscles. 
In the cat the rigidity af .tets also the elevators of the lower jaw which, 
of course, have noth' ig to do with standing. 

The exact traaj and nuclei involved in decerebrate rigidity are 
not definitely knoVn. If successive transverse sections of die brain- 
stem are made thtl condition appears when the seaion reaches the 
posterior border of oie anterior colliculus above and the posterior bor- 
der of the mammilla»y bodies below. It persists after removal of both 
labyrinths and the rer^bellum. (The cerebellar vermis is, however, able 
to cause ^a diminution W the rigidity as we have seen). It is not abol- 
ished by seaion of th^^ posterior columns of the spinal cord but dis- 
appears by section of'’\he brainstem only when the cut passes back 
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of the vestibular nuclei. The efferent f^thway seems to be the vestibulo- 
spinal tract (223). The tonic cervical reflexes persist after the rigidity 
has disappeared, although the tonic labyrinthine reflex disappeared as 
the section passed back of the vestibular nuclei. 

The study of the effects of these various transections has made it 
apparent that there exists a reflex mechanism maintaining a certain 
amount of constant tonicity in those muscles which counteract gravity. 
This mechanism keeps the animal in position to move. This tonic mech- 
anism is then modified in various ways by other mechanisms to per- 
mit change in attitude or movement. In the thalamus-animal practically 
the whole of this modifying mechanism is present but much of the 
mechanism for originating movement is absent. The animal is, there- 
fore, relatively inert but can perform all movements in a coordinate 
manner. The animal in decerebrate rigidity has lost also praaically 
all of the modifying mechanism, retaining only those elements thrown 
into action by passive movements of the head. It has no reflex by which 
the position of the head can be modifled. This is constantly retracted. 
This reflex mechanism for maintaining posture is practically uncon- 
trolled; h^nce the exaggerated attitude. 

When the central nervous axis is transected still farther back, at 
the posterior extremity of the medulla oblongata just above the first 
cervical nerve (decapitate animal. Fig. 131 a) all traces of the decere- 
brate rigidity are usually absent and the four extremities are flacdd, 
but tonic cervical reflexes can still be obtained (Fig. 130, V). Tran- 
section at the fourth cervical level abolishes them. Such an animal is 
called a spinal animal. 

The spinal animal has its central nervous system divided into two 
automatic segments, from both of which various reflex activities can 
be elicited. Those from the sensory organs of the anterior portion may 
or may not include the anterior extremities, depending on the level 
of the section. If we suppose a section at the third thoracic level, af- 
ter the shock of the transection has disappeared, various reflexes may 
be elicited involving the hind limbs. If any nocuous stimulus is ap- 
plied to a hind limb there occurs a flexion of the leg at knee, hip, 
and ankle. This is usually spoken of as the flexion-reflex. When the 
stimulus reaches a certain intensity there may occur also an extension 
of the contralateral hind limb — the crossed extension-reflex. Tickling 
of the skin of the back causes the hind limb to be brought toward the 
seat of stimulation in a rhythmic flexor scratching movement — the 
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scratch-reflex. Pressure on the footpad causes a brief strong extension 
at knee, hip, and ankle. This is the extensor thrust. These and many 
other reflex activities of the isolated spinal cord have been studied in 
detail. But when the bulb has not been severed from the spinal cord, 
and the condition of decerebrate rigidity exists, these reflexes are modi- 
fied in very definite ways, just as the presence of the midbrain modi- 
fies the postural tone which is so exaggerated when the midbrain is 
removed. The scratch-reflex is very difficult to obtain and is followed 
by a rebound and reflex exaggeration of the extension; the crossed 
extensor reflex and extensor thrust are exaggerated. These results can 
be explained by the faa that the rigidity in extension is main tained 
by the stretch-reflex from the rigid muscles and any stimulus tending 
to reproduce a flexor response must first inhibit the stretch-reflex where- 
as an extensor-reflex finds itself accelerated. 

All of these mechanisms are again modified by the cerebrum and 
its projeaion-pathways (300). The spinal cord furnishes the effector 
mechanism, for the proper functioning of which it is necessary that 
the animal be lifted from the ground against gravity. The decerebrate 
mechanism reflexly furnishes the adequate constant tone to the anti- 
gravity muscles. But it is necessary also that the body be kept in the 
proper atticudlnal relationship when disturbed; the rigbdng reflexes 
cake care of this need. The a>nstant tonic antigravity-contraccion is 
modified by the righting reflexes, and also by cerebral impulses, but 
immediately resumes its control when these phasic impulses cease. You 
perhaps understand better now what one means by the hierarchy of 
function in the central nervous system, although the details of the 
various complicated reactions I have described will become cleac only 
after careful study. 

The recognition of these various conditions in man has been singu- 
larly complicated by the assumpdon of the erect posture, yet some 
definite faas have b«n established. By smdy of the cases of total tran- 
section of the spinal cord whidi occurred during the World War neu- 
rologists were able to show that the spinal cord when isolated, and 
after the initial period of shock has passed, is able to manifest many 
of the reflex acdvities charaaerisdc of the spinal animal (405). 

The tonic neck-reflexes can rarely be obtained in padents which have 
a clinical syndrome resembling the condition of the decorticate monkey 
(68). In favorable cases such aparient (Fig. 132) lies, when the head 
is in the median plane (a), with elbows semiflexed, fore arms sUghtly 



P1NEAJLOMA5 


343 


pronated, and wrists and digits flexed. There is moderate spasticity of all 
four extremities, the flexors of the arms and the extensors of the legs 
(plantar-flexors of the ankles) being principally involved. These mus- 
cles resist any passive movement at first, then suddenly give way. The 




a. 

Fig. 132. Tonic cervical reflexes in a child with hydrocephalus (after Dragaoesco). 


limbs have a tendency to remain in any position given them. They are, 
therefore, plastic to a certain octent but always return slowly to the first 
described position. The tendon-reflexes are very brisk, with shortening of 
the muscles after a series of rhythmically induced jerks. A flexor or some- 
times dorsal toe-response occurs on plantar stimulation and the leg is 
withdrawn. When the head of the patient in this state is rotated to the 
right (b), after a latent periodof a few seconds, the right arm is slowly 
extended at the elbow, the fore arm is still more pronated, but the wrist 
and digits do not change. The right lower limb may be slowly extended 
and the foot flexed plantarward. Meantime the left arm is flexed at the 
elbow, the fore arm is somewhat supinated and nothing happens to the 
wrist or fingers. The left leg may be flexed slightly at the knee and dor- 
sally at the ankle. The limbs retain these attitudes as long as the head is 
rotated to the right. When the head b rotated to the left (c) exactly the 
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reverse movements occur, i.c., the left arm and leg are extended and 
the tight flexed. The movements are usually greater in the upper ex- 
tremities than in the lower (263). 

This condition must not be confused with the cerebellar flts to 
which we have already referred, in which retraction of the head oc- 
curs associated with gross cardiac and respiratory irregularities. These 
symptoms are due to asphyxia of the bullwr centers (492). Although 
''cerebellar’’ fits may be produced by tumors of the supratentorial region, 
because of herniation of the cerebellar tonsils into the foramen mag- 
num, they are more common with infratentorial tumors. The true 
condition of decorticate rigidity with tonic cervical reflexes is pro- 
duced only by suptatentotial tumors which compress the brainstem 
above the tentorium, and thus release the bulbopontine mechanism on 
which this condition depends, whereas infratentorial tumors compress 
these centers direaly and depress the activity of their mechanism. 

The righting reflexes are much mote difficult to isolate and demon- 
strate in man but it has been shown that the aa of sitting up in human 
infants is initiated by a cervical righting reflex (424). After the head 
is turned to one side, the pelvis is first rotated slightly to the opposite 
side and then the whole body follows the head, beginning with the 
shoulders. The infant thus comes on all fours and may progress in this 
quadrupedal fashion. This method of sining up disappears after the 
fost years of life in favor of a symmetrical sitting movement but in 
various pathological cerebral conditions the patient may revert to the 
primitive method. This reversion is of no importance in localization, 
however, since it may be found with tumors in many different parts of 
the brain. 

Of the results of all these studies, which have so greatly improved 
our insight into the functioning of the nervous system, we must, there- 
fore, isolate the tonic cervical reflexes as the only ones pertinent to 
our problem because their presence indicates a supratentorial compres- 
sion of the brainstem. The patient I have demonstrated to you docs not 
have a complete syndrome of decerebrate rigidity. There are, however, 
undoubtedly many conditions of partial decerebrate rigidity, the eluci- 
dation of which may prove very important for our problem. It is 
probable that the spasticity of the hemiplegic patient is a parual syn- 
drome of decerebrate rigidity (493) and we begin to understand now 
that the various associated reactions which we studied in that regaftl 
(cf. p. 165) are tonic cervical reflexes acting on the extremity and in 
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some instances also tonic limb-reflexes aaing on the limbs. 

After this long digression, which I hope will induce some of you 
to explore further this fascinating field of neurophysiology, we will 
turn to pathology for a few moments and discuss briefly the nature 
of the tumors which provoke such remarkable symptoms. The gross 
APPEARANCE OF A PINEAL TUMOR is not charaaeristic except for its 
situation. Hemmed in between the splenium of the corpus callosum 
above, the brainstem below, and the cerebellum behind, it is usually 



quadrilateral in shape imless it invades the third ventricle (Fig. 133). 
The softer tumors are apt to fill this ventricle completely and add 
its symptomatology to that of the pineal region. The softer tumors 
have a tendency also to drop off fragments into the ventricular sys- 
tem which then become secondarily implanted on the walls of the 
fourth ventricle, third ventricle, or even of the lateral ventricles. In 
two cases of intense and suddenly appearing diaE>etes insipidus, such 
implanted masses were found in the infundibulum of the third ventri- 
cle. Rarely a pineal tumor may spread widely in the subarachnoidal 
spaces, even down the spinal cori 

The MICROSCOPICAL STRUCTURE of the most frequent pineal tumor 
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is quite charaaeristic. It is composed essentially of masses of large 
spherical epithelioid cells (Fig. 134) separated by a network of reticu- 



FlC. 1 }4 Drawing of a microscopical preparation of a pioealoma. 


lar connective tissue containing numerous lymphoid cells. The epitheli- 
oid cells have large spherical nuclei, each of which contains one or two 
nucleoli and very little chromatin. In their cytoplasm short rods and 
granules occur in groups. Rarely short stubby processes may be found 
extending from these cells. There can be little doubt that these epitheli- 
oid cells are homologous with the parenchymal cells of the pineal body 
and their association with a stroma of lymphoid tissue occurs in no 
other intracranial tumor. Infrequently these tumors may contain small 
cysts or acini lined by large epithelial cells. These tumors are called 
pinealomas. In addition, less frequently, there are found tumors com- 
posed of a homogeneous mass of smaller cells with smaller nuclei; 
in these the lymphoid tissue is absent. These latter tumors are remi- 
niscent of the pineal primordium before it is invaded by connective 
tissue (230). They ate distinguished sometimes by such names as 
pinealomas of spongioblastic type or as pineoblastomas. 

The DIAGNOSIS OF PINEAL TUMORS wc have already touched upon. 
They are usually confused with tumors of the third ventricle, tumors 
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of the cerebelium, and tumors of the brainstem. If pubertas praecx)x 
is present and the charaaerxstic paralysis of conjugate upward move- 
ment of the eyes, the diagnosis is fairly certain. T^ese symptoms, how- 
ever, are often absent and the diagnosis then becomes difficult or im- 
possible. We have already mentioned that the tumor may spread early 
into the third ventricle and cause symptoms from this region before 
symptoms from its primary site arise. The cerebellar symptoms from 
pressure on the nearby superior cerebellar peduncles may also appear 
early. They are genuine cerebellar symptoms and differ in no way from 
those caused by primary cerebellar tumors. But if the ability to look 
upward were always tested in a neurological examination I am sure 
fewer mistakes would occur. From the primary tumors of the brain- 
stem the pineal tumors differ rather surprisingly. The tumors of the 
brainstem cause symptoms of intracram'al hypertension late in their 
development; their first signs ate apt to be palsies of the cranial nerves 
(274); palsies of the third, fifth, seventh, ninth, tenth, eleventh, 
and twelfth nerves are frequent so that facial weakness, dysarthria, 
or dysphagia may precede other symptoms for some time; deafness 
is common but usually unilateral. These patients complain of numb- 
ness in their extremities, whereas pisieal tumors rarely do so. Hemipate- 
sis contralateral to the cranial palsies is frequent and betrays a primary 
involvement of the brainstem. From rare tumors of the tectum mesen- 
oephali pineal tumors cannot be differentiated clinically. 

Often only the symptoms of increased intracranial pressure are pres- 
ent, and even a ventriculogram or ent^phalogram will only demonstrate 
an obstruction to the aqueduct which might be only a congenital steno- 
sis. In such cases one can make an exploration or deliberately make a 
detour around the aquedua for die cerebrospinal fiuid (577) . 

The REMOVAL OF PINEAL TUMORS IS Very difficult (9). They are 
most often approached from between the parietal lobes ( l49) by spUt- 
ting the splenium of the corpus callosum as I did in the patient you 
have just seen. A successful removal by this method has rarely been 
reported (244). How many have died from this operation is unknown 
because failures are not often recorded. Occasionally one may also be 
successfully approached through a dilated lateral ventricle (4S7 ) . 
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MISCELLANEOUS AND METASTATIC TUMORS 

SYNDROME OP MENTAL CONFUSION 

There remains to be discussed a group of miscellaneous and in- 
frequent tumors which arise within the intracranial cavity, and the 
unfortunately far more numerous but Jess interesting group of tumors 
metastasizing to the brain from distant organs. 

Intracranial teratomas are very rare in the sense of new 
growths of bidermal or tridermal origin; teratoids are more common 
(2S2). Dermoids 094 ) and epidermoids { 271 ) arc also found. They 
occur mosfoJtcn in the_pitu itarylmd pineal bodies, but have been found 
also in the lateral choroidal plexu^ "the tela choroldea of th e third 
ventricle, within the s ubstance of the b rainTTn the region of the tuber 
dnereum, the cere bellopontine ang le and the po sterior ci stern. Thejn&e 
more frequent in males and are often associated with other congenital 
malformations ofTKe braitj or of other parts of the body, such as spina 
bifida.^ They may cause symptoms at any age or are sometimesTound 
inddentally at necropsy. These tumors vary in size from 1-7 cm. in 
diameter. They are often cystic, the interior being filled with desqua- 
mated cells, fatty debris, sInd hair. Eaodermal ^imictures present in 
these tumors includ e squamous epitheli um, s weat-g lands, ganglion-cells, 
hair-follicles, embryonal teeth, fetal brain-tissue and choroiid pl« ^, se^ 
baceous glands, nex^fibers, and embryonal eyes. Mesodermal s tni^tura 
indude cartilage, smooch muscle, bone, fat, marrow, striated muscle, 
and lymphoid tissue. Entodermal structures are rarer, the most frequent 
being epidielium of respiratory or intestinal type with goblet-rells. 

One of the most beautiful of intracranial tumors, when exposed at 
operation, is the so-called pearly tumor. It is very uncommon; occur- 
ring perhaps once in two hundred cases of intracranial tumor. It has a 
glistening smooth surface and looks exactly like a great pearl against the 
cerebral tissue. The pearly tumors give symptoms almost always in 
adult life, if at all. They are often found accidentally at necropsy. 
Their favorite site is the subarachnoid space over the base of the brain 
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from the chiasm to the posterior ci stern (3J). Many have been de- 
scribed bene ath the pons and midbrain extending up into the cerebel- 
lopontine angle. The gross appS^ce of these tumors is startlingly 
like m other-o f-pearl. The surface peels away easily from the surround- 
ing structures. The outer layers are tough and malleable like tin-foil. 
The interior resembles cottage-cheese in color and consistency; it is en- 
tirely avascular. Thes^ tumorT are very irr egular in shape , insinuating 
thelBselves eve rywhere between th e cerebr al and cranial structural 

The microscopical structure of these epidermoid tumors is also 
characteristic. On the outside is a thin fibrous layer, within which are 
flattened epithelial cells which sometimes contain granules of kerato- 
hyalin. Rarely epithelial bridges can be demonstrated between the cells. 
Still more internally the cells become more and more polygonal. The 
central portion is composed of w^t one might call the ghosts of 
epithelial cells; their internal structures have disappeared leaving only 
the shells. This portion resembles the appearance of a dead plant (53 ) . 
Besides the skeletons and debris of dead cells one finds some fat and 
usually crystals of cholesterin. 

These tumors unquestionably arise from misplaced rests of epithelial 
tissue within the leptoraeninx. Since they have no vascular supply the 
central portion dies. They are readily removed when they lie in acces- 
sible regions of the intracranial caviar since they are soft, avascular, 
and the capsule peels away readily from the surroundings. They are 
sometimes found also extradurally under the temporal lobes, within the 
middle ear, or within the cranial Ixines. 

In about two percent of necropsies, if one examine closely, there 
will be found on the clivus, about 1 cm. posterior to the dorsum sellae, 
a slimy excrescence which communicates through a small defea with 
the interior of the basisphenoid. This small structure goes by the 
euphonious name of ecchondrosis physalifora and has been proved to 
be a persistent remnant of the notodiord. Rarely (about thirty cases 
have been reported) this structure gives rise to tumors called chordo- 
mas, sufficiently large to cause serious symptoms (39). They may 
ptojea upward (Fig. 135) and forward into the interpeduncular 
cistern, into the nasopharynx, or both. Within the intracranial cavity 
they often extend downward beneath the pons to the foramen magnum. 
They may extend into the sphenoidal sinuses, the orbits or even into the 
neck and regional veins. The surface of these chordomas may be reddish 
but is usually milky white, smooth and grossly nodular. The cut surface 
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is firm or jelly-like and semitransiucent. There are cysts filled with 
a mucoid material. 

The miaoscopical struaure of a chordoma is charaaeristic and re- 
sembles very much that of the notochord in the embryo. The tumor 
is composed of cords or masses of large cells with numerous large 
vacuoles in their cytoplasm. These vacuoles have been shown to con- 
tain glycogen. The neoplastic cells sometimes contain more than one 



nucleus. The nuclei are also vacuolated and said to contain glycogen. 
The cells may be closely packed together but usually are separated 
into cords or masses by a mucoid material. Rarely cartilage is formed 
in the tumor and this is sometimes calcified. 

The symptoms of these tumors are dominated by ^umerous palsia 
of cranial nerves. A moment’s refleaion on the situation of the tumor 
will make'^is undentandable. All of the nerves from the optic to 
the hypoglossal may be involved or any combination of them. Later, 
compression of the cerebral peduncles may cause pyramidal symptoms 
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or the compression of the cerebellar peduncles against the tentorium 
cerebelli may cause cerebellar symptoms. Symptoms of intracranial 
hypertension may appear but are very late and usually the patient dies 
beforeThey occur. A very frequent symptom is pain and stiffness of 
the neck due to extension of the tumor into the foramen magnum. 

The diagnosis is often difficult. Whenever m'ultiple pal sies of the 
cranial nerves develop witho ut signs of intracranial hypertensi on a 
ch ordom a may be suspected. In a few instances the erosion of the 
base of the skull has been demonstrated by roentgenogram. In a few 
instances also the diagnosis has been established by biopsy of the naso- 
pharyngeal extension of the growth. The intracranial chordoma must 
be differentiated main ly from the nasophar^mgeal c^cihom a which 
has extended intracranially. The latter tumor arises from the epithelium 
of the auditory tube (of Eustachius) or the pharyngeal recess (of 
Rosenmueller) and often invades the intracranial cavity before the 
nasopharyngeal growth is of sufficient size to cause symptoms. In any 
extensive involvement of the cranial nerves, especially iJP the involv e* 
menc is unilateral, a nasopharynge al carcinom a should be sought. Tiie 
diagnosis caQl)ften be established py biopsy. There is no effeaive treat* 
ment for chordomas. 

In the lat^l ventricles and in the roof of the third and fourth 
ventricles papilloma s (265) may arise from the tangled masses of 
bloodvessels surrounded by neuroepithelial cells which are known 
as the choroid plexuses. They are rare, constituting not over 0.5 per* 
cent of intracranial tumors, occur most frequently in the first decade 
of life and diminish in frequency with each succeeding decade. They 
are mosT^nlrhonly located in the founh ventricle, less frequently 
in the lateral ventricles, and rarely in the third* ventricle. Those from 
the plexus of the fourth ventricle may arise ffonT the tuft projecting 
through the lateral foramen (of Luschka)*and hence lie primarily 
in the lateral cistern. 

When these papillomas do not fill the ventricles entirely their 
gross appearance may be quite characteristically granular, but some- 
times they seem to be covered by a thin capsule so that the surface 
is smooth. The cut surface, however, is always granular and often 
contains numerous small cysts. The tumor may completely fill the 
ventricle and obliterate its wall. In odier cases the ventricles become 
greatly dilated although they are not obstruaed (Fig. 136). It is 
difficult to explain how this comes about. The hydrocephalus in these 
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case s is mi i allv attributed to hypersecretion of the plexu ses. We have 
already seen that the cerebrospinal Buid is probably not a seaetory 
product The hydroophalus may be simply a concomitant, independent 
process. It does not always accompany papillo mas. In rare cases frag- 
ments of the papilloma may become free and implant themselves on 



Fig. 136. PapiUonLiof the choroid ple'cuses of the bteral ventricles (after Davis). 


the walls of other ventricles or in the subarachnoid space. The micro- 
scopical s tructure is that of a typica l papilloma. The cores of the 
papm^ are composed of small bloodvessels surrounded by a litt le 
cormectiw tissue. The coverin g epithelium is _pseudostratifi ed and co- 
lumnar in most cases. The cells are elongat^ with oval nuclei. Nu- 
merous mitochondria are present in the cells but no blepharoplasts, 
and the cells are not ciliated. 

There are no characteristic diagnostic signs. The faa that the tu- 
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mor is near or in the ventricle may be suspected from examination of 
the cerebrospinal fluid; in some instances it has been yellow with a 
greatly increased content of protein. These growths are rarely calci- 
fied. A tumor in the cerebral hemisphere of a very young infant is 
most likely to be of this type. Treatment is difficult. A few such tu- 
more have been removed (483) i from the fourth ventricle it is rela- 
• dvely easy, from the others more haxardous. Roentgen-radiation de- 
creases their vascularity and makes their removal easier. 



Fig, 137. Cross seaion of braia with colJoid cyst in the third ventricle 
(after Wilson). 

In the third ventricle occurs a strange colloid cyst closely allied 
to the papUloma'T5^20). It is always situated at the^nterior extremity 
of the ventricle between the intervent ricular fora mina and attached to 
the roof (Fig. 137). It is round, with a smooth surface, although there 
may Be on its inferior surface a few small tufts of choroid plexus, about 
a centimeter in dkmccer and of the consistency of a soft rubber ball, 
at least after fixation in formalin. The interior of the ball is filled with 
a homogeneous colloid material containing some cellular debris. The 




the prim ofdium of the paraph ysis. which in lower vertebrates is a 
ramified epithelial structure arising from just this anterior extremitj 
of the roof of the diencephalon. In the human embryo this structure 
is very transitorily present. Such an origin would explain the unique 
situation of these tumors. There is no way of making a positive diag- 
nosis of such a tumor. The presence of an intraventricular tumor may 
be suspe aed by the intermittenc_pfogress of symptoms, which is ve rr 
frequent, suggestin ^an intermittent blocking of the circulation of ce re- 
brospinal'fluidl 

The frequency of this intermittent clinical course in these cases is 
really astonishing. I am able to show you a specimen (100) of this un- 
usual tumor (Fig. 137). You see it lies just as I described it to you. The 
patient (case XLlIt) wai an apparently healthy woman of fifty-one 
years who came home one evening complaining of headache, was nau- 
seated and vomited, The headache increased in severity, the vision be- 
came clouded, and early next morning she became comatose. The respi- 
rations became slow and labored and she shortly died. On inquiry it 
was learned that about the age of eighteen she had such an attack, her 
vision was impaired, and she was told she had a reunal hemorrhag& 
At the age of forty-one the headache suddenly reappeared accompam'ed 
by nausea and vomiting. For nearly three months the headache per- 
sisted. After coming home from work she would lie down and sleep the 
entire evening. She was drowsy during the entire day also. After three 
months the symptoms disappeared entirely for nine years, only to recur 
as I have described. Postmortem examination revealed nothing of sig- 
nificance outside the cranial cavity. There was slight dilarion of the 
lateral cerebral ventricles and this firm colloidal ball between the 
interventricular foramina. 


In discussing the meningeal tumors I mentioned that rarely L^o- 
MAS develop in the pia mater. The dor sal surface of the ^rpn<; ratio. 
sum" seems t o be a favorite site for them, and the tu ber cinereum and 
midbrain are also frequent sites. They are rare tumors, constituung 
not more t han"D.5 percent of all intracranial tumors. Most of these 
tumors are composed of fully developed fat-ce lls, but some contain 
more embryonic cells and resemble in structure the xanthomas. They are 
sometimes ’associated with malformations, of the brain, espedally_de- 
fects of the corpus callosum. Most of the lipomas do not cause symp- 
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toms and are found incidentally at necropsy. There are many theories 
of their origin (475): (1) that they arise from lipoid cells already 
present in the pia mater; (2) that they arise by fatty transformation 
of the connective tissue; (3) that they arise by "dedifferentiation” of 
the pial cells toward an embryonic form with a subsequent metaplasia 
into fat; (4) that they arise from embryonal remnants. This multi- 
tude of theories is an indication that these tumors are very interesting 
to the pathologist because of their bearing on the problem of the gene- 
sis of tumors in general. They are too infrequent to be of much im- 
portance in the clinic. 

We have, unfortunately, to deal not only with tumors developing 
primarily within the intracranial cavity but also with metastases from 
tumors in distant organs. Since intracranial metastases may give 
symptoms before the primary tumor it behooves us to be on the lookout 
for such cases, and a knowledge of those tumors which commonly 
metastasize to the brain is a great aid in deteaing the often minute 
primary focus. I want to show first a patient in whom the primary 
lesion is obvious, principally because her mental condition is rather 
characteristic of multiple metastases in the brain. 

A housewife (case xliv) of fifty-seven years entered the clinic 
complaining of terrific pains in the head, at times occipital, at others 
temporal, sometim€r57er the eyes, of four weeks’ duration. The head- 
ache came in waves and during this time she held her head and 
groaned. During the headaches also she was confused and seemed 
not to comprehend what was said to her. Two weeks after the onset 
she became semi-comatose, thrashed about apparently in great pain 
and vomited several times. A lumbar puncture was made at this time; 
the spinal fluid was under great tension. After the puncture she was 
better for a while, but the headaches renewed their intensity, she again 
became confiised, and was brought to the hospital. 

She had been ailing or apprehensive of illn^ most of her life 
but it was not until three years ago that anything occurred which 
might have a bearing on her present trouble. She then discovered a 
sore spot in the right breast above the nipple. A diagnosis of carcinoma 
was made, the breast was removed and the diagnosis confirmed by 
microscopical examination of the lesion. Roentgen-radiation was given 
every month for the succeeding eleven months. Two years later she 
began to complain of a feeling of fullness in the right side of the ab- 
domen. She passed some blood in the stools but was told it ramf 
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from hemorrhoids. She developed a stubborn diarrhea and became very 
nervous and apprehensive of a spread of her cancer. She would have 
spells of a panicky feeling in which she thought she was going to 
die. During these spells she thought she could not focus on anything, 
kept taking off her glasses, and said she felt queer in the head. A 
month later the left eye became sore and looked bloodshot. A small 
growth was found in the lower lid; it was removed and found to be 
carcinoma. She complained also of pain in the spine and in the left 
ankle. Roentgenograms of head, spine, and lungs were taken and dis- 
closed nothing abnormal, but still she insisted something was wrong 
in her head. Finally a few weeks ago began the symptoms of acute 
intracranial hypertension. 

On admission she was moaning with pain and very confused. She 
did not know where she was and did not recognize any of the people 
around her. She did not cooperate at all in her examination. She com- 
plained that her head ached and was greatly annoyed by the atten- 
tions of her physicians. There was a scar of a previous mastectomy 
on the right side of the thorax, but no evidence of local recurrence 
or of involvement of regional lymph-nodes. On general examination 
no evidence of any metastases was found in the abdomen. The optic 
discs were choked about one diopter, with hemorrhages in both retinae. 
There was a slight left lower facial weakness and occasionally a tend- 
ency toward an extensor plantar reflex on the right side. Otherwise 
the neurological examination was entirely normal. Roentgenograms of 
the head, chest, and pelvis, revealed only one small metastatic lesion in 
the left occipital region of the skull. 

She was given 50 ccm. of a solution of 50 percent glucose intra- 
venously. This improved her condition suffidently so that she ceased 
to resist examination and ceased complaining of pain in the head. 
She ■a'oald csrq' out simpie commands bur it seemed a great effort 
to comprehend them. She recognized her hxisband but did not know 
where she was or what time it was. Her attention wandered readily. 
She would make meaningless remarks at times in reply to a question. 
This morning she evidently is delirious and you hear that she talks 
about objects on the ceiling and now and again points apprehensively 
upward and cries "Look oilt for those chains.” Again she suddenly 
looks startled and says "Who is that lady over there?" pointing to the 
nurse. She points to me and says, "Look out! You will drop that chair." 
She talks a great deal in a low mutter, making totally unconneaed 
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statements. I catch, when she raises her voice, for example, "She got 
the ironing done, didn’t she?” 

There is no doubt that this woman is suffering now from mul-. 
tiple metastases. One probably has lodged in the occipital bone; an- 
other was removed from the left lower eyelid. There are doubtless 
others which we have failed to demonstrate and in particular multiple 
foci in the brain, I have shown her largely for the mental symptoms, 
which ate those of mental confusion. When she entered, the men- 
tal condition might be taken for that of acute intracranial hyperten- 
sion and yet there were differences, for example it was impossible to 
get her into contact with her environment even with the strongest 
stimuli. This morning there is no further doubt. The intracranial ten- 
sion has been reduced so that she no longer complains of headache 
and gives no sign of discomfort, yet her confusion is all the mote ap- 
parent. The mental condition is that of a diffuse insult to the brain and 
as such is seen in intoxications, severe exhaustions following infec- 
tious diseases, following trauma, low-grade meningitis or encephalitis. 
It is also produced by multiple metastases in the brain in which this 
sudden development of mental confusion occurs frequently. 

'’’•Co nfusion is the cbaracteri stic reaction of the normal brain to a 
general insult. In acute or subacute intoxications it takes the form so 
familiar from alcohol and known as delirium tremens. The patient 
has an anxious or terrified look, perspires and trembles. The reason 
is not far to seek, for he lets it be known that he is a spectator and 
actor in a dreamworld in which he sees multiple, moving, often ter- 
rifying objects. His usual reaction is to flee from these visions. In 
mOder cases, or in patients recovering from delirium tremens, it is 
possible to suggest terrifying objects which the patient then sees and 
is frightened by. Often the haffucinatrons are not t errifying and have 
to do with such things as the patient’s profession. Olfaaory, gusta- 
tory, and taaile hallucinations are sometimes present, rarely auditory. 
The other frequent form of this mental syndrome of confusion is the 
torpor of the postinfeaious stat es. The torpor varies, however, and 
sometimes gives way to periods of delirium, and all possible transi- 
tions are observed. When well developed this condition is marked by 
an intellectual, motor and affeaive inertia. The patient lies flat, with 
a vague and expressionless face. He is inattentive and seems not k> 
think. He does not worry about his condition, does not inquire about 
his relatives, or show’ any affeaion when they are present. He shows 
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evidence of tremendous effort when an attempt is made to get hin 
to respond. To penisrent questbns he rouses with difficulty, lookj 
dumbfounded, asks that the question be repeated, wrinkles his fore 
head, and puts his hand to his head with an impotent gesture. Anj 
response he makes comes slowly and incompletely. The effort seenu 
to exhaust him and he soon falls back into his former inattentive at- 
titude. The replies it is possible to obtain make it evident that he u 



Fig. 138 Scheme of roentgenogram from Case xlv. Atalectasis of the lo«'er 
lobe of the right lung from bronchial carcinoma. Compare Plate ix. 


disoriented, that his perceptions and ideas are obscure. A haze seems 
to be over his mind which he struggles to penetrate. When the tor- 
por is less pronounced the patient recognizes objects and persons 
falsely. In its complete form mental confusion is rarely encountered 
in cases of intracranial tumor, except with multiple metastases or with 
very accentuated intraaam’al hypenension, but milder degrees of the 
syndrome are often present. 

The second patient (case xlv) has no marked mental symptoms. 
She may have more than one metastasis in her brain, but the symptoms 
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can be explained on the basis of a single large one. She is a house- 
wife of fifty-one, always well and strong except for a short period 
of pain in the right upper quadrant of the abdomen accompanied by 
jaundice. This was cured by cholecystectomy. She began eight months 
ago to suffer from dull headache which varied in intensity but recurred 
practically every day. She never vomited. About four months prior to 
admission her tight arm and leg began to grow weak. Suddenly there 
occurred a right-sided convulsion accompanied by pain in the right 
side of the face. It was difficult for her to talk for half an hour af- 
ter the convulsion and the right side of the body was numb. 

When admitted to the hospital she was mentally alert and oriented. 
There was no evidence of aphasia. There was a lower right facial weak- 
ness and a tight hemihypesthesia. Stereognosis was normal. There 
was a right spastic hemiparesis with clonus at the right ankle and 
an extensor plantar response. There was no choking of the optic discs 
and no defea in the visual fields. There was no evidence of cardiovas- 
cular disease. No history of syphilis could be obtained and the serologi- 
cal reactions of the blood were normal. Roentgenogram of the head 
was normal except that the pineal body could be seen to be shifted 1.5 
cm. to the right of the midtine. A diagnosis of infiltrative glioma of 
the left parietocentral region was made. 

An osteoplastic operation was performed a week ago in the left 
parietal region. It disclosed a large tumor which reached the surface 
about the middle of the posterior cenual gyn« and contained a ragged 
cavity filled with dirty yellow fluid. The tumor infiltrated the brain 
in every direaion. Parc of it was removed and the wound closed after 
leaving a decompression in the temporal region. The patient has re- 
covered promptly but the right hemiparesis is much worse and there 
is now an aphasia as well which is, however, improving. 

Microscopical examination of the neoplastic tissue removed showed 
it to be carcinoma. A search was then begun for the primary source 
of the mmor. Careful physical examination again failed to reveal any 
neoplasm, but roentgenogram of the lungs discloses a primary broncho- 
genic carcinoma of the right lung with partial atalectasis of the lower 
lobe (Fig. 138). Persistent questiom'ng of the patient and of her rela- 
tives has failed to find any symptoms relative to the lungs. This story is 
entirely typical. Primary bronebogenic carcinoma of the lung (20) so 
commonly metastasizes to the brain, and does it so often before the 
primary tumor has given symptoms, that it should always be looked 
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for in any patient of middle age, or beyond, who develops rather rap 
idly symptoms of an infiltrating tumor of the brain, especially if tin 
signs of intracranial hypertension are not marked or there is a pro 
nounced mental confusion. 

Carcinoma of the lung seems to be increasing in frequency ant 
comtitutes now 7 to 10 percent of all carcinomas. It develops usuall] 
from forty to sixty-nine years of age, almost always from a primarj 
bronchus or one of its early divisions (217). It enlarges the bronchia! 
wall for a short distance and then spreads into the surrounding pulmon 



ary tissue in fine branching projections. It usually develops near the hi- 
lum; the regional lymphatic nodes are early involved. Small regional 
metastases are often found in the same lung or that of the opposite side. 
In the brain a single nodule may be found, but most commonly nu- 
merous metastases are present. Tiiese must reach the brain by way of 
the arteries as emboli In this vray may best be explained the sud- 
den onset of cerebral symptoms in many cases. 

The metastases exist as firm enucleable masses (Fig. 139). Th« 
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centers of the masses become necrotic after a cerrain size is reached. 
The cavity contains a dirty, dark yellow, or greenish fluid filled with 
debris, phagocytes, and cholesterin. In microscopical structure the meta- 
Stases resemble the original tumor. The ventricles of the brain are 
rarely dilated in these cases, but there is often a tremendous edema 
of the brain so that the intracranial tension is out of all proportion to 
the mass of neoplasm present- The surrounding cerebral tissue is usu- 
ally just pushed aside. Near the nodules there may be clasmatoden- 
drosis of the nexiroglia, transformation of the microglia into scavenger 
cells, swelling of the oligodendroglui, acute swelling of the neurones, 
and fragmentation of the myelin-sheaths, but for the most part one 
finds only compression of the neighboring tissue and edema of more 
distant parts. 

Recently it has been supposed that carcinomatous metastases reach 
the brain by way of the anastomouc veins described by Batson (6/). 
This theory is illogical since one would expect them to follow the most 
direct and shortest route from the lung into the spinal canal where they 
are rarely found and, if they spread by this route to the intracranial 
cavity, that they be found in the venous sinuses and meninges; on the 
contrary, they are almost invariably found as discrete nodules deep 
within the brain. Nevertheless, in rare instances they do get into the 
meninges and spread widely to form what is called a carcinomato- 
sis of the meninges (247). That is what it did in this woman (CASE 
XLVI) of forty-three who was always well until six months ago when 
she began to suffer from headache in the pariefo-ocdpital region. It 
was present most of the time, especially at night. Early in the morn- 
ing she would awake with the pain, would be nauseated, and vomit; 
then she would feel relieved for a time. Movement of the head would 
Vrre -psnii. 'WVien trxanwriei two nAnfiift lAvei ilift -onset 
optic discs were choked two diopters but there was no hemorrhage 
in the retina. There was a questionable tight extensor plantar reflex 
at that time but no other findings. Vision at that time was perfea but 
began to fail about a month later. She began at this time also to have 
sharp shooting pains in both eyeballs. 

When admitted to this hospital a month ago she was oriented and 
had no mental disturbance except that her memory for recent events was 
somewhat poor. The tcndon-reflekes were everywhere very weak and 
could be elicited only by reinforcement. There was a coarse tremor of 
the outstretched hands. At times there was obtained an extensor plan- 
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tar reflex on the right side. There was otherwise no evidence of in- 
volvement of the nervous system apart from the eyes. 

The fundus of the right eye was uniformly clouded and so opaque 
that the choroid coat was not visible. The margins of the optic disc 
were very indistinct; the disc itself was grayish, elevated three diop- 
ters, and seemed twice its normal diameter. None of the large retinal 
vessels was visible over the optic disc, but there were numerous capil- 
lary vessels. The arteries seemed somewhat consttiaed, the veins of 
normal caliber. Numerous flame-shaped hemorrhages radiated out from 
the disc in every direction. Below the disc these hemorrhages covered 
most of the retina. In the macula were ntimerous tiny globes of hemor- 
rhage. Between the macula and the disc were yellowish-white streak- 
ings as in albuminuric retinitis. The left fundus was largely obscured 
The disc was hazy and indistina, but elevated only one diopter. The 
superior and inferior retinal veins could be seen over the disc but were 
obscured near its margin. The disc was surrounded and encroached 
upon above and below by areas of massive hemorrhage radially striated. 
Nasally the hemorrhage was less dense. The retinal arteries, where 
visible, seemed slightly constricted; the veins were normal. The mac- 
ula was heavily pigmented and between it and the disc were small 
white blotches, ilie patient was practically blind, but still able to 
distinguish light with the right eye. The ophthalmological diagnosis 
was bilateral hemorrhagic neuroretinltis. 

The most careful search failed to reveal any cause for the retinal 
condition. Roentgenogram of the skull revealed vague deaease in den- 
sity of the inner table in the left parietal region and also in the right 
posterior frontal region but nothing definitely pathological. There was 
no evidence of renal disease and no Bence-Jones protein in the urine. 
The systolic bloodpressurc was 130. The erythrocyte-count was 
3,900,000, The erythrocytes were pale, with many anisocytes and much 
basophilic stippling. There were also numerous immature polymor- 
phonuclear leucocytes and a definite eosinophilia, a few myelocytes 
and possibly myeloblasts. The findings in the blood indicated stimula- 
tion of an exhausted bone-marrow. Cultures of the blood were sterile. 
The temperature, which was elevated on admission, subsided promptly 
after the opening of a perirectal abscess. It was determined to inves- 
dgate the suspicious areas of the skulL A button of bone was, there- 
fore, removed with a crown-trephine from the right frontal region. 
The bone appeared normal, as did also the dura mater, but on the 
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under surface of the dura mater was a layer of reddish-gray tissue 
about 1 mm. in thickness, a portion of which was removed for ex- 
amination. The ventricle was punctured; the cerebrospinal fluid was 
found to be normal and under no tension. Examination of the sub- 
dural tssue showed it to be caedaoma. An exhaustive search has failed 
to reveal the primary tumor but roentgenograms of the other bones 
disclose areas from a few millimeters to 2 cm. in diameter of decreased 
density, surrounded by increased density, in the ribs, right humerus, 
and pelvic bones. They are interpreted as due to multiple cardnoma- 
to^ raemscases. 

v/When cardnoraa invades the meninges primarily it may spread 
cither in the subdural or subarac hnoid space s. It rarely involves the 
brain direaly. These membranes behave rather passively in the pres- 
ence of the invader. The cardnomatous cells multiply in the meshes 
but soon die, and their remains are carried away by macrophages. In- 
tracranial cardnoma is always a secondary process. It usually reaches 
the brain by way of the arteries, but the meninges are involved most 
often by direct extension or possibly along the trunks of the cranial , 
nerves. Oneofthe most frequent sources of such invasion is the naso- ^ 
pharynx (s^T). A characterisdc clinical picture is produced in these 
cases, as illustrated by the following patient. 

This man (case xlvii) of forty-five years was well until ten months 
ago when he began to suffer from intermittent pains in the head radiat- 
ing from the right eye to the back of the neck. Shortly afterwards 
he noticed a discharge with disagreeable taste which came down from 
the nose into the throat. A month later the pain in the right eye be- 
came constant and he saw double. His hearing gradually failed. He 
lost fifty pounds in weight. 

"When admitted to the clinic a mondi ago there was found a ptosis 
of the right upper eyeh’d and impaired movement of the right eyeball 
in all directions except nasally. Visual acuity was normal in both 
eyes. The pupillary reactions were normal and the fundi also. There 
was a weakness of the right seventh nerve of peripheral type. The 
palate was weak on the right side. Audlmry acuity was diminished 
in the right ear. There was a slight weakness of the right prerygpid 
muscle and of the right trapezius muscle. The voice was hoarse but 
the vocal cords could not be seen. The neurological findings were thus 
confined to the cranial nerves on the right side. General examination 
disclosed a fibrous tuberculosis of the apex of the left lung and en- 
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largement of the lymphatic glands in the right side of the neck. An 
ulcerated mass was found in the tight nasopharynx. Biopsy proved 
the mass to be carcinoma; a yeast was obtained from the ulcer. The 
patient was given intravenous injeaioos of sodium iodide. The cn* 
larged glands in the neck have after three weeks largely disappeared 
and may have been merely inflamed. There is now a complete external 
and internal ophthalmoplegia of the right eye. 

In this patient the nasopharyngeal tumor was readily found but 
when such tumors arise in the peritubal region they rarely cause at 
their onset an ulceration or appreciable tumor in the nasopharynx. 
Even examination after cocainization may not reveal it. The patient 
usually presents himself with apparently an ordinary rhinopharyngitis, 
with or without otitis media, and is so treated until involvement of 
the cranial nerves occurs. Very often there are no nasopharyngeal symp- 
toms at all. The tumor develops along the auditory tube (of Eustachim) 
and penetrates into the skull usually through the foramen lacerum. 
The trigeminal nerve is encountered early and may long be the only 
nerve involved. Slight deafness is also an early symptom but is caused 
by blocking of the auditory tube. The invasion of the trigeminal nerve 
causes dull continuous pain, first in the lower branches and later in the 
ophthalmic branch. The nerves are tender to pressure at their exits 
from the skull. The motor branch is paralyzed early. Later the pain is ac- 
companied by anesthesia. The cornea of die corresponding eye becomes 
anesthetic and ulcer may develop. Soon the nerves of the eyeball are 
caught. In some cases the ocular palsies may precede the trigeminal 
symptoms. First the abducens is involved, causing an internal squint, 
and later die third and fourth nerves, so that a complete internal and 
external ophtiulmoplegia is the flnal outcome. The cerebellar fossa 
is rarely invaded. The seventh nerve is usually involved outside the 
cranium. The ninth, tenth, and eleventh nerves are not infrequently 
caught in the jugjalar foramen. The symptoms are all unilateral. There 
is rarely any intracranial hypertension, the tumor spreading mainly 
outside the dura mater. Aside from the characteristic clinical syndrome 
the diagnosis may be established by biopsy of the n2SOphar3mgeal tu- 
mor or sometimes of the lymphatic glands at the angle of the jaw 
which are almost always involved at some period of the tumor’s de- 
velopment. 

Arising in the same situation, and causing the same symptoms, 
a lymphosarcoma may invade the cranial cavity in exactly the same 
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way. Sarcomas do not give rise to intracranial metastases as com monly 
as carcinomas, out when they occur they do so apparently in exactly 
the samemanner. By direct extension the tumor may get into the 
meninges and spread there to form a sarcomatosis of the meninges. 

Finally, I should like to show you an interesting brain of a for- 
merly healthy workman (case XLViil) thirty-eight years old, who be- 
gan to feel tired about five months before his death. He complained 
also of some frontal headache over the eyes. There were no symptoms 
until three months later when he began to vomit. Since then the head- 
aches increased and vomiting was more frequent. He was obliged to 
cease work and come to the hospital for relief. 

When admitted he was inattentive and indifferent. He did not 
cooperate in his examination and answered questions at random and 
in monosyllable. His head was large and square. His right eyeball 
was absent, said to have been removed three years previously after 
injury by a blowpipe. The left optic disc was choked about four diop- 
ters. There was pain in the neck on flexion of the head. There was 
a right lower facial paresis and the grasp of the right hand was weak. 
The right abdominal and cremasteric reflexes were absent There was 
clonus at both ankles and bilateral extensor plantar reflexes, more 
easily elicited on the right side. The tendon-reflexes were brisker on 
the right side. Because the patient's condition made proper examina- 
tion impossible and the finding w'ere not clear, air was injected into 
the ventricles. A roentgenogram showed that the anterior extremity of 
the right lateral ventricle was flattened and pushed upward and that 
the entire ventricular system was displaced to the left. There was evi- 
dently a large tumor deep in the posterior part of the right frontal lobe. 
If was j’udged to be inoperable and a subtemporal decompression 
was made. The patient continued very weak and semi-comatose for a few 
days, then developed symptoms of hypostatic pneumonia and died. 

A necropsy was performed one hour postmortem and revealed 
atelectasis and bronchopneumonia of the lower lobe of the left lung. 
In addition, in the middle lobe of the right lung was found a tumor- 
nodule of soft pinkish tissue 3x2 cm. in diameter. At the base of 
the lower lobe was another similar nodule 2x1.5 cm. Nothing else 
of importance was found in the general examination. In the brain was 
found in the posterior inferior part of the right frontal lobe a large 
tumor measuring 5x4 cm. (Fig. l40). It was dark brown in color 
and sharply circumscribed. It pushed the right lateral ventricle upward 
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and flattened it. The basal ganglia on the right side were pushed 
backward. The left lateral ventricle and the posterior part of the right 
ventricle were grossly dilated. Microscopical examination of the tumors 
showed them all to be melanoblasmmas. 

ILater investigation disclosed that the eye when removed was not 
examined even grossly. The ophthalmologist admits that there might 
have been a primary tumor in the eye. His oflice-notes state that at 
his first examination he found a detachment of the retina. Four months 
later there was a more marked detachment, higher intraocular tension 
and pain in the eyeball. These findings are compatible with a primary 
melanoblastoma of the eye. 

'ijfelanoblastoma of the eye develops in the choroidal coat, in pa- 
tients usually from forty to sixty years of age. It manifests itself &st 



Fig. 140. Transverse seaion of brain from Case xlviii with metastasis from 
melanoblastoma of the choroidal coat of the eye. 


only by detachment of the retina and the resultant defea in the visual 
field. lAter comes a aimplete detachment of the retina and blindness 
of that eye. Still later the intraocular tension rises and the condition 
resembles that of inflammatory glaucoma. There is marked injeaion 
of the eyeball, clouding of the airnea, discoloration of the iris, dila- 
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tation and fixation of the pupil, clouding of the lens, and high in- 
traocular tension. At this stage the eye is very painful and it was 
doubtless at this stage that the eyeball of our patient was enucleated. 
If enucleation is not made the tumor soon breaks out around the cir- 
cumference of the cornea or backward along the optic nerve and in- 
vades the orbit. Finally it follows along the optic sheath into the brain 
or involves the regional lymphatics and is carried to more distant 
organs, most frequently the liver. Even though enucleation is made 
early, before the tumor ruptures into the orbital tissues, metastasis may 
already have occurred. ^ 

Other tumors of the eye may also metastasize_to the brai n, no tably 
the glioma s of th ^reiina. they occur mainly in children under five 
years of age. S^etimes more than one member of a family has the 
malady. Both eyes may be involved. These rumors develop in the same 
stages as the melanoblascomas of the choroid coat. There are two main 
varieties, the retinoblastoma and the neuro-epithelioma (235). The 
former is the more malignant. When detachment of the retina occurs 
the tumor may be hidden, but even at this early stage the presence of 
a tumor may be established by a determination of the percentage of 
glucose- in the fluid behind the detached retina. It is of primary im- 
portance to establish the diagnosis early before metastases have oc- 
curred. 

It is difficult to obtain exaa figures on how often different types 
of tumor metastasize to the intracranial cavity. It is usually stated that 
sarcomas more often metastasize to the brain than carcinomas, yet this 
is not my own experience nor that of many clinicians of wide experience 
with whom I have spoken. The high percentages given for sarcoma 
probably arise from the inclusion of melanoblastomas in this group. 

Cectaialy everyone is agreed that pulmonary carcinoma frequently 
metastasizes to the brain even before any pulmonary symptoms develop. 
Perhaps in as many as 30 percent of cases such metastases occur 
(229). Mammary carcinoma also frequently, perhaps in 5 or 6 per- 
cent of cases, f6rms metastases in the brain but in this case the primary 
growth is readily located. Nearly half of the melanoblastomas metas- 
tasize to the brain. Hypernephroma lags behind with 7 or 8 percent. 
Statistics indicate that mSfastases to the brain from malignant tumors 
mil be found in about 0.5 percent of necropsies. The percentage of 
primary neoplasms of the brain is perhaps 1 percent of all necropsies. 
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This would indiote that of all iDtracraaia! neoplasms, both primary 
and secondary, metastases constitute perhaps 33 percent. In neurosurgi- 
cal statistic the percentage of metasatic tumors is only about 4 per- 
cent since wually only those are sent to the surgeon in which the pri- 
mary source has not b«n discovered. My impression is that both figures 
are incorrea. Metastatic tumors are surely more frequent than 4 percent, 
and probably less numerous than 33 percent, of the total of all intra- 
crarual neoplasms. In the Leeds General Infirmary they were found in 
17 percent of the cases (225). 

The symptoms of metastatic cerebral tumor, as the foregoing his- 
tories indicate, do not differ essentially from those of primary cere/fral 
tumors. We have noted as more or less characteristic simply the in- 
tensity of the headache and of the mental confusion, which are out 
of proportion to the intracranial tension. The DIAGNOSIS of metastatic 
tumor, therefore, depends in most cases on the recognition of a primary 
tumor elsewhere. We should insist again, however, upon the frequency 
of pulmonary cancer which metastasizes to the brain before pulmonary 
symptoms develop and before the primary tumor can be deteaed by 
physical examination. Any patient in middle age or older who de- 
velops suddenly a psychosis or foal cerebral symptoms, not obviously 
luetic or vascular In origin, should have a roentgenogram made of his 
lungs. 

The TREATMENT of metastatic malignancy is, of course, very un- 
satisfaaory. When recognized os such, an intracranial operation should 
rarely be undenaken because the metastases are usually multiple. When 
foal epileptic attacks indiate a cortial nodule it may be worth while 
to operate on the chance that there is an isolated tumor. Decompres- 
sion is not advised beause the relief afforded lasts but a short time. 
Roeotgen-radiadon is ineffeaive and dangerous beause of the already 
existent, often intense, edema of the brain. The establishing of the ror- 
rea pathologial diagnosis will save much futile operating in these 
cases. Operations to stop pain in malignant cases by secdon of the 
sensory roots of cranial nerves are always permissible ( 189) . 



OtAPTER 18 

GENERAL DIAGNOSIS 

SYMPTOM COMPLEXES OPHTHALMOSCOPY VENTRICULOGRAPHY 

Heretofore I have tried to present sharply defined syndromes charac- 
teristic of the various pathological types of tumors in different locations 
in the intracranial cavity. Such a procedure is necessary as an introduction 
for the student But I should serve you very ill if I left you with the im- 
pression that the situation is always so clear. We have now to consider 
some of the difficult problems common to all intracranial tumors. The 
first step toward establishing a diagnosis of intracranial tumor is to have 
the possibility of its presence occur to the physician. How often do pa- 
tients remain in the care of a physician for weeks or months before this 
possibility occurs to him! Yet there are certain symptoms which should 
invariably suggest to the physidan the possibility of intraCTanial neo- 
plasm. Repeated bouts of headadie, for example, are often passed off as 
migraine. We cannot, of course, say that migraine is a definite disease yet 
the symptom-complex which goes by this name has certain definite, 
though vague, characteristics in the absence of which the diagnosis 
should be accepted with caution. 

Migrdne has a very definite hereditary background. The patients 
are active and excitable, and in a large percentage of cases (variously 
estimated from 50 to 80 percent) either the father or mother, or both, 
suffered from the same complaint. The malady has been traced in 
certain instances through several generations. The onset of the disease 
occurs usually anywhere from rhe age of ten to Sorry years, rarely Jarer, 
the vast majority beginning before the age of thirty. Migraine has 
a close relationship to epilepsy and many migrainous patients later de- 
velop convulsions (.185). 

In the simpler types of migraine the patient feels mildly depressed 
for a day or so before the attack, with the aimless psychomotor un- 
rest which sometimes accompanies this mental state. He cannot keep 
his mind on his work; his head feels heavy and his mind dull, and 
he is generally unproduaive. After a day or so of this he wakes in the 
morning with a headache. With the onset of the headache, or even 
before, there begins usually nausea which increases in intensity and 
369 
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ends in vomiting. Loss of appetite ot even distaste for food is com- 
mon and may exist in the absence of much nausea. In the milder at- 
tacks during which the patient is not completely prostrated, he is never- 
theless still depressed, lax, and dull. There is often a hypeiirritability 
of the special senses so that the patient cannot tolerate bright light, loud 
noises, strong odors or tastes. Scintillating scotomas occur and even 
ophthalmoplegias or hemianopia. Generally an attack begins in the 
morning and after a crescendo of varying intensity disappears toward 
evening. The patient then sleeps soundly and the following morning 
feels quite well. More rarely attacks may last only two or three hours 
or even extend two or three days. The attacks rarely occur oftener than 
three times a month, usually at intervals of two to four weeks. 

In such more or less typical cases of migraine with definite heredi- 
tary basis and onset in youth little difficulty will arise. But the head- 
ache which accompanies many intracranial tumors, especially ventricu- 
lar tumors, is intermittent and may be accompanied by visual phe- 
nomena and transitory palsies. Any case of intermittent headache, oc- 
curring first in adult life, and especially if no history of famibal taint 
can be obtained, should be suspeaed and an ophthalmoscopical ex- 
amination repeated at frequent intervals. And it should not be for- 
gotten that a migrainous patient can develop an intracranial tumor. 
I have often obtained a history that the patient suffered from sick head- 
aches all her life. In a patient with migraine any sudden change in the 
phenomena of the attacks or any undue increase in frequency or se- 
verity should put the physician on the alert. Stupor, slowing of the 
pulse, papilledema, or any other symptom of intracranial hyperten- 
sion or any tendency of the palsies to become permanent should pro- 
voke a thorough investigation at once. 

I shall tell you of some patients suffering from RECURRENT head- 
aches. You will then appreciate better the difficulues of diagnosis in 
cbcse cases sad chc aecsssiey of cautkm in dealing with diem. The 
first is a young woman (case xlix) whom I cannot show you for 
obvious reasons. She was well until about New’ Year’s day, 1930, when 
a severe headache in the frontal region occurred. It felt as if her "head 
were held in a vise." The headache lasted only half an hour and left 
her weak. Similar headaches recurred at intervals of three or four 
weeks until July, 1930. They lasted a few minutes or half an hour. 
There was no vomiting but they left the patient weak and tired. In 
July the headache began to be associated with nausea and vomiting. 
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Moreover, movemcDts of her bead wouJd cause dizziness and a sensa* 
tion as though the contents of the head were moving. Since July the 
patient had lost twenty or thirty pounds in weight. For the last two 
months there had been pain in the eyes, especially the right. The last 
headache had occurred five days before admission to the hospital. It 
had come on early in the morning and lasted all day and the following 
night. It was much worse on lying down. It quieted somewhat when she 
sat up, but just as soon as she attempted to lie down another sharp 
pain would come in the frontal region over the eyes which would bring 
her up again screaming with pain and holding her head. She was nause- 
ated and vomited several times. 

When she was admitted to the hospital practically nothing was 
found. She was thirty-one years of age, much worried and apprehen- 
sive, but intelligent and perfealy oriented. In talking with her one 
got the impression that she was intensely afraid of something. She 
repeatedly remarked "I hope I get out of this place all right.” As 
she told her story one got the impression also that the desaiption of 
the headaches was overdrawn. Likewise her fear of changing position 
seemed exaggerated. She would rise slowly in bed and then lower her- 
self very gently and gradually, not because of pain, for she had no 
headache at the time but, as she said, for fear of pain or of queer 
rushing sensations in the head. Nothing was heard in the head during 
change of position and she was repeatedly and rapidly changed from 
sitting to lying position without causing any discomfort. She was un- 
dernourished and weak; her systolic bloodpressure was only 100. In 
addition a few nystagmoid jerks of the eyes on looking to the left 
were observed and the abdominal reflexes were not obtained; that 
was all. Once or twice there seemed to be some slight tendency to deviate 
to the right when walking. She had one slight headache while in the 
hospital, during which the nystagmus became more definite, not only 
to the left but also to the right and upward. The optic discs and fields 
were quite normal. Hearing was normal and the vestibular apparatus 
functioned normally on both sides. The dentist could not even find 
any infected teeth nor the rhinologist any chronic sinuses. She was ex- 
amined carefully for tuberculosis but none was found. 

Her husband was informed that we were unable to make a diag- 
nosis. There was no history of migraine in the family and the attacks 
of headache were of recent origin; so we strongly suspected tumor, 
and advised making a ventriculogram. The patient flatly refused. Since 
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she lived nearby, the husband was told to take her home and bring 
her back immediately at the onset of a bout of headache. The head* 
ache did not recur for nearly a month. The htisband, instead of brin^ 
ing her back to the hospital as he had promised, called a local physician 
who made a lumbar puncture; she promptly died. There can be no 
doubt that there was a ventricular tumor, perhaps in the fourth ventri- 
cle. You will recall in this connection also the case of colloid cyst of 
the third ventricle (p.354). 

The second patient (case l) was a workman of thirty-three years 
at the time of admission to the hospital. He had always been strong 
and healthy until 1929. He had worked hard and saved his money with 
the idea of marrying and having a family. But in the spring of 1929 
his brother induced him to lend his money to help start a restaurant. 
This failed and all the money was lost. The patient was out of work 
at the time and stayed in his room brooding over his misfortunes. 
Then he began to have headaches. At first they occurred a month or 
so apart but gradually became more frequent. They were thought to 
be due to worry, but finally became so severe that he was placed in 
a hospital. Here the physicians could find no cause for his headaches 
but called them migrainous and gave him some "shots in the arm" 
which did not help him. Then he tried to work but the headaches were 
so frequent and severe that he could not do so. For the last six months 
the headache was almost constant and he vomited frequently without 
warning. His friends were convinced that the headaches were real al-) 
though physicians had failed to find any cause for them. 

When admitted to the clinic on March 23, 1931, he was very 
weak and emaciated, holding his bead and groaning with pain. It 
was very difficult to attraa his attention and he understood the Eng- 
lish language very imperfectly. He was seen to vomit in typical projec- 
tile fashion. We were, therefore, very much surprised to find that his 
pulserate was 80 and that his fundi were perfectly normal. There was 
not the slightest trace of papilledema, past or present, and no atrophy 
of the optic nerves. The visual acuity seemed to be about normal and 
grossly the visual fields were normal. We were never sure of his coop- 
ation in attempts to determine the visual fields more accurately. The 
patient maintained he had never had any trouble with his eyes. He 
insisted that his headaches were always in the frontal region. General 
physical examination was entirely normaL And the only objeaive evi- 
dence of a lesion of the nervous system that could be found was a 
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n ystagmus oo looking to t he righ5_andjeft, coarser and slower on 
looJdng to the left. There was no cervical tenderness or rigidity. 
There was no asynergia, or dysmetria of any of the extremities. He 
reeled when walking but seemingly from weakness; there was no con* 
smnt direaion of deviation. 

In the hospital he slept soundly all night long but as soon as 
he was awakened began groaning and moaning and holding his head. 
Roentgenograms of the head were normal. The pineal body was not 
calcified. There was a normal caloric response from each ear. A lum- 
bar puncture was attempted on three occasions but only a few drops 
of fluid were obtained. A cisternal pimcture was then made. The fluid 
was under only 30 to 40 mm. of pressure. The pressure rose only very 
slightly after compression of the jugular veins. The fluid contained 130 
lymphocytes per cu. mm. Wasserroann reaction was negative on spinal 
fluid and blood. Complement-fixation test was also negative for echino- 
coccus. The gold-curve was normal Ir seemed as though there must 
be some sort of chronic meningoencephalitis, possibly some rare in- 
fection such as with torula, but it was determined to make a ventricu- 
logram CO rule out rumor. This was made on April 4. The left ocd- 
pital horn was reached at a depth of 5 cm. About 20 ccm. of fluid es- 
caped under no tension. The right occipital horn was not found and 
the needle seemed to pass through a resistance such as a nunor might 
offer. Roentgenogram showed the air to be confined to the left ven- 
tricle which appeared normal. Some air had accumulated in the sub- 
arachnoid space along the falx cerebri and this showed that in its 
posterior portion the lower border of the falx was displaced to the 
left nearly half a centimeter. 

It was planned to make an osteoplastic exploration in the. right 
parietal region but he was already developing a pneumonia from which 
he died. At necropsy, besides a lobar pneumonia, a most unexpeaed 
and imusual condition was found. There is a meningeal tumor 3.5 cm. 
in diameter indenting the outer upper surface of the right occipital 
lobe. There is only very slight dilatation of the cerebral ventricles. 
Most striking is a herniation of the cerebral tissue through the incisura 
tentorii into the subtentorial cavity (Fig. I4l). We are familiar with 
the much more common hermadon of the cerebellar tonsils through 
the foramen ‘magnum and the pain in the Imck of the neck which re- 
sults. It may be that the pressure on the incisura tentorii in this case 
was responsible for the severe headaches without internal hydrocepha- 



374 


INTRACRANIAL TUMORS 


lus or inaeased intracranial tension. I have remarked at operation un- 
der local anesthesia that manipulation of the inclsura causes the patient 
to complain of severe pain in the forehead because the tentorium is 
innervated by a recurrent branch of the ophthalmic nerve (354). The 
specimen demonstrates how rigid the dural septa are (341 ) . The im- 
pression of the lower edge of the falx cerebri is clearly visible all along 
the inner surface of the right cerebral hemisphere. 



Fig. I4l. Brain of Case l showing heraiation of inner surface of right 
limbic lobe throu^ the tncisura tentorii. 


This case brings up the question also of pleocytosis in the spinal 
fluid in cases of intracranial tumor. Ordinarily the number of cells is not 
incrc^d and the content of protein is normal. But in some cases a con- 
siderable number of lymphocytes may be present, and especially in 
cases of tumor around the optic chiasm, for reasons not yet explained; 
slight changes in the protein-content are often helpful, and gliomas 
impinging on the ventricular walls sometimes increase the content of 
protein iri the fluid to such an extent that it is definitely yellow in 
color (21^. Perhaps the examinatioa of the spinal fluid might be 
of assistance'in other ways (202), in many instances, but the danger of 
respiratory' failure following lumbar puncture, when the intracranial 
tension is elevat^, is sufficiently great to preclude its use except when 

\ 

\ 
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there is some positive indication for such examination. 

But to return to our primary interest, the records of these patients 1 
believe will convince you that rec urrent bouts of headache should not be 
light ly classified as migrainou s, but s hould b e taken seriously and in* 
vesu^ted thoroughly, remembering that they may be produced by in- 
tracranial nunor or other se rious lesio n. will turn now to another 
series'of'^tients. You will in your practice become familiar with the 
middlc'aged or elderly patient who begins to complain of headache and 
to have repeated small cerebral insults in which he may or may 
not lose consciousness bur remains afterward enfeebled in various ways. 
He is usually suffering from sclerosis of the cerebral arteries, one of the 
frequent lesions which senility brings to the brain. 

The brain grows old in many ways. There is what might be called 
the normal senescence associated with such symptoms as loss of the 
aeative faculty, difficulty in admitting and assimilating new ideas, pro- 
gressive diminution of memory for recent events, enfeeblement of the 
will, and blunting of sentimentality. These symptoms accompany such 
physical signs as diminution of physical force, rapidity of fatigue, slow- 
ness and uncertainty of movement, and diminution of general activity. 
The most common mental change ts known as senile dementia (3-16). 
Such patients lose their memory for recent events; judgment, reason, 
and autocritic are enfeebled; they arc credulous and suspicious; moral 
restraints are loosened and sexual instincts are uninhibited. Somatic 
symptoms are not greater than the age of the patient would indicate. 
This condition results from degenerative atrophic changes in the cor- 
tical neurones, the bloodvessels being little altered. Sometimes a 
special variety is encountered known as presbyp hrenia in which judg - 
ment and psychic activity are rela tively conserved, but there are pro- 
found troubles of attention, 6f inemory, and of temporal and spatia l 
orientationr complicated by t abulation and false recognition . Senile 
demeiitiais not otten confused with brain-tumor. The age of the patient 
in itself predisposes one to the correct diagnosis and cerebral tumors in 
advanced age are not common. But suc h parenchymatous atrophie s may 
occur in younger persons and in these ca^ confusion with primary 
cerebral tumors, especially of the frontal lobes, may occur. 

This man (cashli) of forty years was seat to me suspected of having 
a frontal tumor. He was quite well until three months before admission 
to the hospital when he began to feel unramfortable in a vague general 
way without any definite symptoms. He became tired and sleepy. At 
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fint he was able to go to his office and continue his work but later he 
stayed at home. He could be aroused at meabtimes to eat but slept ah 
most constantly otherwise. His memory rapidly failed. He lost all in- 
terest in his business or sports and had increasing difficulty in the use 
of the tight arm and leg. He stumbled often in walking and dragged 
the right leg. 

When admitted to the hospital a month ago he was very lethargic 
and slept most of the time. His memory was obviously very defeaive; 
his speech was slurred and slow. There was diplopia on looking to either 
side. The left pupil reaaed normally; there had been an old injury to 
the tight one. He had a right lower facial weakness and a tight hemi- 
paresis with slightly increased reflexes. The right abdominal and cre- 
masteric reflexes were absent but no sensory loss could be detected. 
There was no ataxia and he walked with a slightly hemiplegic gait. Gen- 
eral examination of the viscera was normal. His bloodpressure was 
130 / 90 . His basal metabolic rate was — 27; but he slept throughout the 
test. Wassermann reactions on the blood and spinal fluid were nega- 
tive. Examination of the blood and urine was normal. During his stay 
in the hospital his temperatufc ranged from 36“ to 37.4“. His pulse- 
rate varied from 60 to 85. There was no choking of the optic discs. 
The diplopia seemed to be due to a bilateral weakness of the internal 
rectus muscles. It seemed evident that there vfzs a lesion of the left 
frontal lobe, but the nature of it was not certain. An inflitrating glioma 
was thought to be the most probable diagnosis since there seemed to be 
no evidence of lues or of arteriosclerosis and no primary tumor was 
found from which metastases could have occurred. The sleepiness made 
one think of an encephalitis but there seemed to be no other evidence of 
inflammation of the brain, and this might be explained by invasion or 
distortion of the hypothalamus by a tumor. Operation was advised but 
his relatives decided to seek other advice. 

He was taken to another hospital ■where the same diagnosis was 
made and returned here a week later. In the meantime he had become 
obviously worse. He was now unable to walk, and difficult to arouse 
most of the time. But when awake he was very turbulent. The nurses 
had great difficulty in keeping him in bed. He insisted that he had to 
get up and attend to his business. The right facial weakness was much 
more obvious and the right hemiparesis was also much more pro- 
nounced. In spite of the absence of symptoms of intracranial tension the 
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rapid progression of symptoms made us feel fairly certain that we were 
dealing with an infiltrating gUoma, pro bably of the corp us callosum, ex- 
tending into the left frontal lobe. A roentgenogram oi the fieadlhowed 
that the pineal body was exaaly in the midline. There was at this time 
evident loss of sensation to pain on the right side of the body- He 
would not cooperate for an accurate sensory examination. There seemed 
to be no defect in the visual fields although his cooperation left much 
to be desired. It was determined to explore the left frontal lobe, and 
this was done under ether-anesthesia. 

The dura mater was found to be quire tense but as soon as ft was 
opened a great amount of fluid came out, reducing the tension. The 
brain was very atrophic and injected. There was a great excess of 
subarachnoid fluid and the veins were all covered with a whitish exudate. 
No softenings were observed. A fragment of frontal convolution was 
removed for examination and the wound carefully closed after control 
of the bleeding- The patient reaaed very badly after the operation. His 
temperature rose to 40.2^ and his pulserate to 180. The tempentaze 
was kept down by sponges with alcohol and packing with ice but two 
days later, when the sponging was stopped, it again went up to 40®. 
He did not entirely regain the ability to regulate his temperature until 
the eighth day after operation and it has remained slightly elevated ever 
since. During the early postoperative days he was completely comatose, 
very restless, breathing stertotously, and very cyanotic. He has now re- 
covered consciousness, but still breathes rapidly and is quite disoriented. 
Mlaoscopical examination of the cortex removed showed the changes 
in the cortical neurones typical of Alzheimer's disease. No softenings 
were present and the cortical bloodvessels were normal. The man's 
brain, then, had grown old before its time, and the cortical cells had 
failed before the bloodvessels. 

Presenile dementia is not frequent. Different varieties have been de- 
scribed but all are charaaerized by premature and rapid failure of the 
mental faculties, disorientation and <x)nfusion, a tendency to turbulence 
and violence, stereotyped repetition of speech and gestures, and nega- 
tivism. In all of them are found cortical atrophies, either general or 
drcumsaibed, with relatively intaa bloodvessels in the brain. It is im- 
possible in Our case to explain in detail the symptomatology without 
the entire brain to examine. The r apid de velo pment of fncal symptom - 
atology is at any rate unusual. Focal s^ptoms are found in the so- 
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called Pick’s atrophy but in this disease the intraneuronal changes of 
senile atrophy are absent. 

Much more frequently the bloodv e ssels of the brain become d e- 
gen erated before the neuroneSt which are only secondarily involved by 
ischemia. The symptoms are produced by the death of neurones as their 
bloodsupply is shut off by gradual or sudden occlusion of the sclerotic 
vessels. Tlxe symptoms, therefore, develop frequently in successive epi- 
sodes which vary from slight dizziness to attacks of apoplectic coma. 
The symptoms are quite varied, depending on the location of the 
diseased vessel, and depending also on the completeness of the occlu- 
sion, and the size of the vessel. Besides sudden hemiplegia and other 
major accidents one observes a long series of vertigoes, spasms, transient 
palsies, and epilepsies. Mental symptoms are also produced by arterio- 
sclerosis but are more focal in character than those observed in senile 
dementia and evolve also in attacks. One of the earliest symptoms is 
diffi culty in fix ing the attention and rapi d fati^^ie by aiw^tellectuaTa c- 
tivity. It is tare id these" cases the profound mental poverty asso- 
ciate with the primary cortical atrophies; there seems altv'ays to be a 
nucleus of the personality conserved, which serves to distinguish these 
patients from those suffering from general paralysis or senile dementia. 
HoweVer, attacks of apathy, stupor, confusion, or agitation may be 
tenacious. 

If we recall how one of the earliest signs of a glioblastoma multi- 
forme may be an inability to concentrate on one’s intellectual activity, 
accompanied by attacks of vertigo and fainting (cf. case XXXIII), we be- 
gin at once to appreciate the difficulty of differentiation. When we re^ 
member also that choking of the optic discs in these tumors may be 
absent for a long time or completely, the difficulty becomes still more 
apparent. It is increased by the faa that headache is an almost constant 
accompaniment of cerebral arteriosclerosis and that choked discs are not 
uncommon (3). It is useless to depend upon general arteriosclerosis to 
aid in the differentiation b ecause cerebral arteriosclerosis may exist with 
no discove rable sclerosis of the rest of the va scular sys tem. Of cours^ 
there are symptomslnore or less characteristic of the cerebral arterio- 
sclerosis which aid in detecting certain cases. Such a te the troubles of 
gait. These patients walk with short step s, draggi ng the feet on the 
floor. The movements of the upper extremities alsB" are feeble and ^k- 
ward. These patients speak with a monotonous voice, articulating poorly; 
the lower face is weak and they may drool saliva. The inactivity of the 
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lower face contrasts markedly with the animated expression of the eyes. 
They have spasmodic laughing and crying. Their movements are slow 
and stiff, with loss of automatism. All of these symptoms result from 
repeated small lesions in the deeper regions of the brain and rarely are 
marked in cases of cerebral tumor. Pseudobulbar palsies ate also rare 
with brain-tumor. But in many arteriosclerotic patients these symptoms 
are also absent. When any middle-a^ or elderly patient begins to 
suffer from repeated episodes such as we have mentioned, the possi- 
bility of cerebral neoplasm must be thought of along with cerebral 
arteriosclerosis and lues. That the differentiation in the early stages of 
the disease may be difficult we can appreciate from the smdy of such a 
case. 

The patient is a married woman of forty years (case lii) previously 
well until a year ago. While using the telephone she suddenly became 
speechless, her vision blurred and dimmed. She did not lose conscious- 
ness and had no paralysis of her extremities. A physician was called who 
said she had heart-disease and softening of the brain. Her speech re- 
turned after about an hour. She was kept in bed for three weeks. During 
this time she bad two exactly similar attacks, one when she had risen to 
go to the bathroom. She then became melancholy and cried a great deal, 
whereas formerly she had been of a cheerful disposition. She later be- 
gan to have spasms in the right side of the face, several times a day, 
and lasting for only a few minutes. She a>ntinued to be depressed and to 
have the twitchings in the face. There was no more difficulty with speech. 
Two months later she improved, was entirely free from symptoms and 
thought she was well, but soon the twitchings of the face began again 
and continued for a couple of months. She then felt perfealy well and 
went to visit in another city. Here she suddenly had a violent headache, 
the right arm became weak and awkward, and her speech became slow 
and indistinct. The headache gradually disappeared. There had been no 
vomiting. 

When admitted to this hospital a month ago she was somewhat 
apathetic and depressed. Her speech was slow and slurred. She under- 
stood spoken and written language fairly well, bur in speaking spon- 
taneously many words were recalled with difficulty. There was no chok- 
ing of the optic discs; the fundi and visual fields were normal. There was 
a paresis of the lower right side of the face. Hie right upper extremity 
was weak, particularly distally. The right wrist and biceps-jerks were 
■brisker than the left. There was a coarse action-tremor of both hands. 
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especially of the right. The abdominal reflexes were absent. The right 
lower extremity was weak, especially the flexor muscles. The right knee 
and ankle*jerks were slightly exaggerated but there was no clonus and 
no extensor plantar reflex. Two-point discriminadon was poor in the 
right hand and stereognosis seemed somewhat deficient. The pulserate 
ranged from 78 to 104. The temperature ranged from 3fi.2® to 37.6“. 
The internal organs seemed normal, the heart particularly. Roentgeno- 
gram of the head was norma! except for a small calcified area in the dura 
mater over the left frontal lobe; the pineal body was not visible. The 
examination indicated a lesion of the lower central region of the left 
cerebral hemisphere but its nature was not clear. The history was that 
of an intermittent vascular spasm with final occlusion, but no evidence 
of cardiovascular or renal disease was present except that the systolic 
bloodpressure was 188. It was deeded to explore the region. 

An osteoplastic operation disclosed a grayish-red discoloration of the 
anterior and posterior central convolutions about 2 cm. above the lateral 
fissure. This area was firmer than the cerebrum anteriorly. The region 
of the supramarginal gyrus on the contrary was flattened, yellowish, soft, 
and avascular. A fragment of the posterior central gyrus was removed 
for examination and the wound closed, after making a decompression 
over the subtemporal region. The brain was not at all tense. She had a 
postoperative hemiplegia and an aphasia, both of which slowly im* 
proved. Examination of the tissue removed showed the lesion to be a 
glioblastoma multiforme, so roentgen-radiation was begUn. Today, a 
month after operation, you see that she is much better. She obeys simple 
commands and points out ordinary objects by their names. Her speech, 
however, is confined almost exclusively to "yes" and "no.” The decom- 
pressed area is bulging very slightly and is soft The eight leg is spastic 
but she can walk. The tight atm is almost totally paralyzed and the right 
lower face also. 

f There was in this patient an infiltrating tumor which had not in- 
j creased the intracranial tension, and in addition a softening doubtless 
caused by occlusion of a branch of the middle cerebral artery by the 
tumor. This combination of glioma and softening is not infrequent 

(407). 

Among the symptoms produced by arteriosclerosis of the brain we 
mentioned epilepsy. It is also produced by lues and by cerebral tumors 
(49.5). Again when a middle-aged or elderly patient develops epilepsy 
ior the first time these three possibilities must be kept in mind. An 
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EPILEPTIC ATTACK is a Symptom, as is headache or dizziness, but such 
attacks characrerized by recurrent loss of consciousness, with or without 
convulsions, occur in persons who have no physical signs of disease. 
This condition is known as idiopathic epilepsy. 

Because no constant structural lesions have been demonstrated in the 
brains of these idiopathic epileptic patients a constitutional element has 
been postulated and this elemenr, the nature of which is unknown, is 
said to be hereditary. At least in the general population only 5 or 6 
percent have epileptic ancestry whereas a famiIy*history,of epilepsy can 
. be obtained in some 30 percent of epileptics. The reason why the in- 
herited predisposition cannot be figured according to the laws of heredity 
is probably that the predisposition can be tested only by injury to the 
brain. Some lesion to the brain seems to be necessary to act as a trigger 
for sctdng off the attacks. Even in the so-called idiopathic cases there is 
probably a diffuse cerebral damage which has resulted from intra- 
uterine conditions, infections in infancy, or injury at birth. The last men- 
tioned cause is probably very important. It is reckoned that 34 percent 
of children dying from birA-injuty are first-born and 27 percent of 
epileptics are first-born children (74)- There is another evidence of the 
hereditary tendency in the frequency of infantile convulsions, which are 
five rimes as common in the ^Idren of epileptics as they are in chose 
of normal parents. Early convulsions occur in more than 20 percent of 
idiopathic epileptics and in less than 4 percent of norma! individuals 
(37i). 

The condition of idiopathic epilepsy develops in over 50 percent of 
cases before the age of fifteen, in over 85 percent before the age of 
thirty, and in over 90 percent before the age of forty. This means, of 
course, that whenever a previously normal individual develops epileptic 
attacks in middle life the latent predisposition has usually been re- 
vealed by a fresh lesion in the brain and its nature must be carefully 
sought. Aside from external violence the three most common causes 
are art eriosclerosis , sy philis, and cerebral neoplas m. 

This shoemaker (case liii) of for^-eight years had always been 
well until seven months ago. While at work he lost consciousness and 
was told afterward that he had a generalized convulsion. About two 
months later he began a secies of convulsions and soon lapsed into a 
stupor from which he slowly recovered. He was then taken to another 
clinic where nothing definite was found. He was told that he had epi- 
lepsy of unknown origin and advised to return in a few months for fui- 
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ther examination. There were no more convulsions but he continued to 
grow weak and gradually developed a numbness of the right hand. 
About two months ago he began vomiting, complained for the first time 
of headache, and was admitted to this dime. 

He was then very weak and emaciated. There was a left lower facial 
weakness, the left knee-jerk was brisker than the right but there was no 
extensor plantar reflex. He comprehended slowly, easily lost the thread 
of conversation, and was disoriented in the ward so that he could not 
find his own bed. There was also some tendency to perseveration of mo- 
tion in the left hand, with at times forced grasping. The optic discs were 
choked and elevated about two diopters, with numerous small hemor- 
rhages over the discs. An attempt to examine the visual fields failed 
because of inability of the patient to cooperate. Grossly he seemed to 
have a left hemianopia. The ocular movements were synchronous but not 
full, rather slow and jerky. There seemed to be definite weakness of the 
anterior flexors of the head and these muscles were atrophic and flabby. 
There seemed to be definite atrophy of all the muscles of the right 
shoulder-girdle, subsequent to a fall from a ladder some years previ- 
ously; movements of this shoulder were normal. He walked with short 
steps and occasionally swayed backward. His pulserate varied from 75 
to 100; temperature was definitely subnormal, ranging every day from 
35.5* to 37*. Because of the unusual number of hemorrhages in the 
retina with only a low choking the ophthalmologist diagnosed hemor- 
rhagic neuforetinitis. I felt that the patient probably had a tumor, no 
cause being found for a neuroretinitis. There was no evidence of lues 
or of cardiorenal disease. But the localizing symptoms were not very 
clear. I rather favored the corp us callosum as a possible location wi th 
an extension intoThcTighFlr on^l lo be. A ventricular puncture was at- 
tempted. Tin opting was rnade in the right occipitoparietal region and 
a needle directed toward the lateral ventricle entered a cystic cavity at a 
depth of three centimeters from which yellow clotting fluid was ob- 
tained. An oste ^Iastj^ petat ion then disclosed in the right tempofo - 
occipital r egion the su^ tf^cia^ext^lon of a red dish-gray giioblast^ s 
mnltiforme. A consideraole po rtioc .x>l-it^was removed. His mental con- \ 
ditiorThas now improved afiJit is possible to prove that he has a left I 
homonymous hemianopia. 

When this man was examined in the first clinic his condition was 

impossible to diagnose. There is a great tendency for the spedalist who 

sees riiese patients in the last stages of dteir illnesses to be impatient with 
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iie general practitioner and to think that the diagnosis of brain-tumor 
s simple. Neurologists are not immune to diis failing and neurosurgeons 
>eem peculiarly prone to it. A few years in general practice or even in a 
general neurological clinic would exert a very salutary influence on such 
persons. In these doubtful cases I would insist only that the practi- 
tioner keep in mind the possibility of brain-tumor more often than he 
seems to, probably from lack of appreciation of its frequency. 

In the preceding case, although it was impossible to determine the 
cause of the epileptic attacks at the time of his first examination, idio- 
pathic epilepsy was not considered because of the age of the patient and 
the rapid development of paralytic phenomena but I should like to tell- 
you of another patient in whom convulsions began earlier and con- 
tinued for years, who was treated by a number of competent neurologists 
as an idiopathic elipeptic, yet finally died of an intracranial neoplasm. 

This young woman (case liv) at the age of twenty-three had a 
generalized convulsion. Previously she had been well and no history of 
injury at birth, infantile convulsions, or other suggestive faaor could be 
obtained. Similar attacks recurred at intervals for a year. The following 
year she had fainting-spells and the third year no attacks under treat- 
ment by competent neurologists for idiopathic epilepsy. She then con- 
tinue to have minor attacks until the age of twenty-nine, when she be- 
gan to have peculiar ideas, and to be unable to concentrate on her work 
as a school-teacher. At that time her attacks consisted of a change in 
color, an occasional grunt, and a weakness in the legs, with an occasional 
momentary loss of consciousness. She usually felt that something was 
coming on and had time to sit down. She was having these minor attacks 
almost daily in spite of large doses of luminal and bromides. After two 
years passed in this way she had a spell during which she was sleepy, 
disoriented, and indifferent. The following year she became very leth- 
argic. During all this time repeated ataminations by different neurolo- 
gists could disclose no evidence of involvement of the brain apart from 
tli^ttacks. Finally at the age of thirty-three for the first time she began 
to complain of headache and her attacks changed. They then began in 
the right hand which always moved toward the face by flexion of the 
right forearm. After an attack the right arm was limp and weak. A right 
facial weakness developed but there was still no choking of the optic 
discs. She became mentally quite dull. During the subsequent six months 
she sixffered from violent headaches with vomiting. She began to "shuf- 
fle” her feet in walking and finally became bedridden. She developed an 
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time a hypoglycem ia. There is perhaps also lipemia; the enlargement of 
the liv er is usually attributed to fatty i nfiltration of this organ. After a 
time the vomiting ceases, the child rapidly gains in weight and is appar- 
ently none the worse for the episode. The cause is not known. 

The typical case of cyclic vomiting should cause no difficulty in 
diagnosis, and most cases of intracranial tumor in children are readily 
diagnosed. A child who has vomited may be fed immediately afterward 
and retain his food perfealy. The vomiting of rumor is often forceful 
and unaccompanied by abdominal distress, yet this is not always so 
and there may be intense nausea. I have seen two children with cerebel- 1 
lar tumors who vomited so constantly and with such abdominal distress 
that they were treated for weeks by well-trained pediatricians for cyclic 
vomiting. I will show you a child with persistent vomiting and you will 
see that it is not always so easy to determine the cause. 

This is a male child (case lv) of twelve years who was perfectly 
well, except for the usual children's diseases, until two months ago 
when he came home from a picnic and began vomiting. Since then he 
has been unable to retain any food. There have been no other symp- 
toms, no temperature, no pain or headache, no nausea even. He has 
become much emaciated and very weak. 

On admission he was badly dehydrated, with a marked acidosis. 
Temperamre was 37.2^ per rectum. The acidosis was combated by in- 
travenous glucose (10 percent) and hypodermoclyses of normal saline 
solution but the vomiting persisted. No adequate cause could be found 
for the vomiting. Roentgenogram of the head was normal. There was 
no choking of the optic discs. A batium-meal disclosed no organic lesion 
of the esophagus, stomach, duodenal bulb, or intestine. An intracranial 
origin was suspected but careful neurological examination revealed only 
coarse inconstant nystagmoid movements of the eyes when looking 
laterally. The boy was generally hypotonic, and the tendon-reflexes 
difficult to elicit; some unsteadiness of the extremities was evident 
but these findings were of doubtful significance in view of the ex- 
treme weakness and emaciation. There was no stiffness or tenderness of 
the neck nor had there ever been any pain in the neck or headache. 
Once it was thought that the tendon-reflexes on the right side were 
slightly brisker; another observer nmed that the right knee-jerk was 
especially difficult to obtain. There was no difficulty in swallowing. In 
spite of the me agerne ss of t he symptoms an exploration was advised on 
the possibility that tKere might be a mmor in the fourth ventricle. 
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A midline incision was made under local anesthesia. In the floor of 
the fourth ventricle was found a solid yellowish mass 1.5 cm. in diam- 
eter, bulging from the bulb itself into which it spread without sharp 
transition. It was obviously a tumor of the bulb and its extirpation was 
judged impossible. I was even afraid to attempt to remove a fragment 
for determination of its histological nature. That evening the child’s 
temperature rose to 40” but subsided promptly. He still vomits re- 
peatedly but on the whole now, eleven days after the operation, he is 
able to retain some food and is gaining strength. We may remember in 
this conneaion also the young lad with the suprasellar cyst, who suffered 
from repeated attacks of vomiting and epigastric distress from an early 
age (p. 113). 

Finally, I should like to discuss briefl y FAILURE OF VISION a s a symp- 
tom ofintracranialjunwr, I have no doubt that if a patient came to 
almost any physician complaining of the triad of headache, vomiting 
and fai ling visio n, the physician would think of arT intracramal tumor' 
as a possible cause, but failing vision without the other two symptoms 
seems not to suggest this diagnosis as readily as it should. 

Consider the plight of this young man (case lvi) of twenty-four 
who applied for a job as a taxi-driver four years ago. He was told that 
his eyes were not good enough, and insulted an ophthalmologist who 
gave him glasses. They did not help his vision so a few months later he 
-^ent to see another ophthalmologm who told him that the r ight reu'n a 
was "a bnormal from birt h'* and changed his glasses. The next year he 
was told by a physician that he had glandul ar trouble and was given 
thyroid, te sticular and pimitary cxtract Tinis seemed to make him feel 
better for a time but did not help hb vision. He then trailed from one 
physician to another. Six months ago his vision became much worse but , 
it was not until a month ago that a physician for the first time told him 
that there was a tumor p ress ing on ha optic nerves and advised an opera- 
tion for teliST 

I think none of you would now have any trouble in making the cor- 
rect diagnosis. His body has an infantile rounded appearance and is prac- 
tically hairless. The skin is pale, pasty, and finely wrinkled, especially 
over the face. There is no beard. The genitalia are quite small. He is 
sluggish and sleepy. He has a primary optic atrophy in each eye. 'The 
right eye can see only gross movements. The left eye has a tempoml 
hemianopia, but the vision is 1.0—3. His basal metabolism is about 
—30. Roentgenogram of the head shows the sella turcica to be marked- 
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ly enlarged, ballooned from within. It is the typical picture of a c hrornp - ' 
phobe adenoma of the hypophysis. 

Further inquiry reveals that he began to ^ve ereaions and noctur al 
emissio ns at fourteen an d t o shave at fifteen years of age. But he never 
ha d a heavy beard an d shaved only ontt a mont h. He thinks that his 
axillary hair began to disappear fo ur yc^ ago. He never had much hair 
over the body. Two years ago'he ceas^ to h ave noctural emission s.* — 
He thinks also that his ge nitalia have decreas ed in size in the last two 
years and he has now no sexual appetite at all. In the past two years 
also he has become very tired and sluggish. There has never been any 
polyuria or polydipsia. It seems incredible that such a patient could pass 
through the hands of numerous physicians in the course of four years 
while he developed all of the classical symptoms of this condition and 
that his eyes should have been examined repeatedly by ophthalmologists 
(not oculists) without the obvious changes being correctly interpreted. 

Yet this is exaaly what happened. 

The young phys ician should acquire an obthalmoscote as early as a_ 
stet hoscope and learn to use it as well i 467). He will see many things 
with it that he cannot interpret but he can at least learn to know the 
normal fundus and detect variations from normal^ He will find OFH- 
THALifOSCOPy distinctly useful as an aid in the diagnosis of many 
obscure cases. With a little experience he can learn to detea the patho- 
logical alterations important in the diagnosis of intracranial tumors, 
namely o ptic a trophy, both primary and secondary, and papilledema. 

The optic ne rve-head may be swollen either from acnial inhammation 
or from stasis of its drainage along the optic sheaths. It is necessary to 
distinguish, therefore, between optic neuritis and papilledema which in 
its exaggerated form is known as "choked disc.” 

In optic neuritis the papilla is abnormally reddened and clouded. Its 
boundaries are obscured and slightly elevated. The retinal arteries are 
little affected but the veins are wid ened j nd tortuous . There is always 
a peripapillary edema but s^dom herao^ages^n the retina. There ate 
often c entral sco tomas and it is charaaeristic that the visual acuity is 
very much diminished, out of all proportion to the damage visible with 
the opluhalmoscope: An early papilledema differs from this picture. The 
papilla is again r^dened but no t diffusel y so; many dilateii.capillaries 
are vi sible over the disc. The boundaries are obscured and sL'ghtly ele- 
vated. The veins are engorged; the ane ries are little affeaed but tend to 
curl over the margin of the disc. The physiologic^ cup is filled, but most 
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important is the fact that there are no scotomas and the visual acuity is 
usually normal . 

When the papilledema reaches such an intensity that the disc is ele- 
vated more than two diopters there is said to be "choking” of the disc 
( Fig. l42 ) . The swelling may reach seven or eight diopters. The arteries 
are small and hidden over the disc by the edema; the veins are engorged 
and very tortuous. The edema extends out into the retina, so that it is 
impossible to determine the exact margins of the disc which appears 
much enlarged. Over the disc arc numerous small engorged capillaries. 
Hemorrhages begin over the disc and are found even far out in the 



Fig. 142. Fuodi oculi. At the left, an early choking; at the right, advanced dioklng. 


reuna. ft is remarkahic^hat vision may remain fairly intact for a J^ong 
fhi« vwpHino h^ become Intense. Ihe visual helds are first 
generally constricted ajiu tne b itn dspots enlarged. Then come transient 
periods of darkening oT visioiTan^Baaily, often quite suddenly, vision 
is lost. After vision is lost, if not before, secondary atrophy sets in. The 
swelling of the papilla subsides; the hemorrhages are absorbed or or- 
ganized inK> whitish scars. The veins return to normal caliber. The optic 
nerve becomes white, but its margins are not sharply outlined. 

A choked disc may be produced by a purely mechanical obstruction, 
as from tumor, whereas an optic neuritis is caused by an actual inflam- 
mation. The Iattef>4iowever, also causes edema of the nerve-head even 
though it rarely rises over two diopmrs. There are many causes of optic 
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neuritis and many of them may produce changes in the retina difficult 
to distinguish from those in a pure choking. In luetic neuritis the papilla 
is red and muc h enla rged, with a gray ring of edem a ^oun d it. The 
veins are engor ged and white lines accompany them over the disc. T he 
recc^nitio n of this type is often aided by patches of old choroiditis wit h 
atroph y and abnormal pigment ation. There may also be slight clouding 
of the Vitreous humor. Tuberculous neuritis can be distinguished only 
by finding tubercles in the retina- It may be suspeaed in children who 
have active mberculosis elsewhere. Nephritic, so-called albuminuric. 
ne uritis is distinguished usually by extensive hemorrhagic and degenera- 
tive changes throughout the retina, but in some cases in which the 
lesions lie around the optic disc the picture may resemble closely a 
choked disc. ArrerioscJerocic neuritis is distinguished by its chronic 
coiuse. There are white lines along the bloodvessels and the veins are 
constricted where the arteries cross them. The edema of the papilla is 
usually slight but can also be intense enough to simulate a chokfijg. 

The greatest difficulties arise in the nephTitic-hypertensive-arterio- 
scl erotic gro up {,66). These degenerative afiections have approximately 
the same age-range as the most common and malignant intracranial 
tumor, the gl iobla stoma muldforme. We have already learned how 
difficult it may be to differentiate these conditions by the symptoms. 
It would be a great help if the ophthalmoscope could more definite- 
ly settle this diagnostic problem, but often the ophthalmoscopic find- 
ings are as equivocal as the neurological symptoms. The findings of 
nephritis, vasodar hypcnension, or general arteriosclerosis can be used 
only as one faaor in the diagnosis because a nephritic, hypertensive, or 
aneriosclerotic patient may develop a cerebral tumor and often does so. 
In uncomplicated arteriosclerosis the nerve-head is reddened; there is 
rarely any edema; the arteries are contracted, beaded, with whitish 
sheaths and plaques along their walls; they compress the veins where 
they cross them. The light-reflex of the arteries is increased. There is 
apt to be extreme tortuosity and increase in the number of the arterial 
branches in the region of the macula. Hemorrhages in the nerve-fiber 
layer and whitish ischemic spots in the retina are common. In hyper- 
tension the arteries are smooth and round, but elongated and tortuous. 
The reflex stripe is increased and the arteries constrict the veins where 
they cross them. The arteries are not sheathed or beaded. There is often 
edema which may elevate the papilla several diopters. Again small 
isolated or grouped plaques and hemorrhages in the peripheral retina 
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are common. In the cardiovascular-renal disease of middle-aged br 
elderlj persons, nephritic, arteriosclefotic, and hypertensive changes are 
often combined and are usually to be distinguished from those of "chok- 
ing” by the more extensive lesions in the peripheral parts of the retina 
and by the lesser degree of edema of the papilla. 

The primary optic atrophy produced by direct pressure of a tumor on 
the optic nerves or tracts is usually indistinguishable ophthalmoscopic- 
ally from that due to other causes. The nerve-head in ^e final stage is 
very white and sharply outlined, the border being often pigmented (Pig. 




Fig. 143. Fundi oculi. At the left, a primary optic atrophjr; at the right, 
atrophf foUawing choked disc 

143) . The central part of the disc is usually mottled with gray, especially 
toward the temporal side. The bloodvessels are small and distincL As 
the atrophy develops the paling of the disc is evident earlier on the 
temporal half. Primary optic atrophy from tumor must be distinguished 
especially from that caused by syphilis. The differenriaoon is made from 
accessory data. In lues the pupils arc irregular and react imperfectly to 
light; all the other symptoms of neurosyphilis are taken into account, 
the appearance of the disc itself not being pathognomonic The post- 
neuritic or postedematous atrophy is characterized essentially by the 
obscured margins of the disc and the absence of mottling (Fig. l43)- 
The appearance of the optic disc in an early atrophy caused by 
pressure of a rumor on the optic nerve is nor different from that caused 
"oy d egeneration o f the m acular bundle in a retrobulbar neuri tis. In each 
case the temporal half of the disc is pale, the only change to be seen 
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with the ophthalmoscope. Yet it is important to differentiate the two 
conditions, because retrobulbar neuritis is rarely caused by intracranial 
rumor. The differentiation is made by examination of the visual fields. 
Pressure on the optic nerve usually causes peripheral defects of th e 
visual fields whereas retrobulbar neuritis cause s ty pically a degeneration 
of the m acular bundle and hence central scoto ma. The presence of cen- 
tral scotomas and normal peripheral fields should make one search for 
evidences of mult iple s clerosis, int oxicat ions, or si nus-disea se, although 
such defects may be produced by craniopharyngiomas. Unilateral central 
scotoma is an early symptom of meningiomas o] the olfactory groove. 

The visual fields are best examined quantitatively in a constant illu- 
mination by the use of minute white test-objects {489). For this pur- 
pose a screen is better than a perimeter. Defects of the peripheral fields 
are of such paramount importance in the localization of intracranial 
tumors that any amount of effort is worth while to determine their 
presence. 

We have noted then as symptoms which should arouse the suspicion 
of the physidan: (1) in infants, enlargement of the head; (2) in 
children, vomiting; < 3 ) in adult life, repeated cerebral insults, epilepsy , 
and recurrent headache; and (4) at all ages failing vision. When con- 
fronted with a patient who has symptoms of a progressive lesion of the 
brain the physician must always make a threefold diagnosis: ( 1 ) the lo- 
cation of the lesion, (2) the nature of the lesion, and (3) if atumor.its 
pathological type. We have discussed suffidently the last diagnosis and 
have learned in what instances it is possible to make a diagnosis of 
pathological type and how. We have learned also the symptoms which 
arise from the development of a tumor in the different parts of the brain; 
it needs to be emphasized, however, that these neurological symptoms of 
lacalhation are often treacherous in cases of hrain-tumor. 

The neurological symptoms caused by intracranial tumors be 
divided theoretically into ( lY'tocal, (2 J“tSeighix>rhood, and'T5) dis- 
tant. The area in which the tumor originates is irritated or destroyed 
and gives rise to the earliest symptoms. As the growth increases in size 
it invades neighboring regions, presses on others or causes edema in 
them and thus produces neighborhood-symptoms. Symptoms from re- 
gions distant from the lesion are produced in several ways, usually as 
a result of increased intracranial pressure, but sometimes by occlusion 
of large arterial or venous trunks, by blockage of circulatio n of cere- 
brospinal fluid, or by edema. The symptoms thus have a tendency to 
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develop in the order of local, neighborhood, and distant symptoms. For 
V this reason it is very important in talcing the history to establish the 
j chronological order of development of the symptoms. But it should be 
remembered that this order is not always followed. A glioma of the tip 
of the temporal pole may cause first distant symptoms by occlusion of 
the middle cerebral artery and then neighborhood-symptoms by pressure 
on the uncus, whereas the local symptoms are never deteaed beause no 
symptoms as yet demonstrable are produced by lesions of this region 
of the brain, at least of the right hemisphere. 

There are large areas in the brain where lesions may reach a con- 
siderable sire without producing symptoms noticeable to the patient. 
These are the frontal lobes, the right posterior parietal region and the 
occipital lobes, the right temporal lobe and the tip of the left temporal 
lobe. Careful 'examination in these cases will usually reveal a defea — 
an alteration of charaaer, defeaivc memory, astereognosis, or a defect 
in the visual fields, but the faa remains that many of these patients 
complain first of neighborhood-qmjpfoms; the pauents with tumors 
of the frontal lobe may complain first of epileptic attacks, those with 
tumors of the occipital lobe of difficulty in reaffing, those with tumors 
of the temporal lobe of hemtparesis. And there are even cases in which 
the most detailed questioning and examination will reveal only the 
symptoms and signs of increased intracranial tension. 

Some of the distant symptoms have become notorious (f06). TTiey 
may be produced by tumors anywhere in the intracranial cavity and 
sh ould never be given localizing significance unless they occur early and 
are supported by much confirmatory evidence. In the presence of high 
intracranial tension they must always be discounted. Foremost among 
these false localizing symptoms is paresis of the sixth cranial nerve. 
This nerve runs for quite a distance on the under suriace of the pons 
and is readily compressed between it and the branches of the basilar 
artery by anything which increases the tension within the brain. Ihe 
olfactory nerves are similarly exposed; moreover, nasal affections in 
oiir clmute^e so frequent that great impairment of olfactory function 
is frequent. St iffne«t -ant^ p-im in harl- of the neck, although more 
frequent with tumors in the cefebellar fossa, may be caused by tumors 
anywhere in the intracranial cavity when the intracranial tension is high. 
No emphasis^ould be placed on the location of the headach e or on 
localSed tenderness of tHe scalp or skull unless supported roentgeno- 
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logic&ily by alterations of the skull m the same area. R arely p aresis of 
the third and fifth cranial nerves also may be produced ^ pressure 
from'a'^tant tumor, me auditory nerve may be "choked” (J6S) in 
much the same way as the opSc nerve, causing tinnitus and deafnes s. 
Adip osity and geni sil dystrophy in the diild and young adult may be 
^us^ by cer ebellar tumor ( 132 ) ; in this case the dilatation of the third 
ventficlelrom internal hydrocephalus acts in the same way as a primary 
infundibular tumor. Conversely a suprasellar tumor m ay cause marked 
unsteadiness of gait (.32). The d^^ential diagnosITor^ iimors in the, 
thirfand fourth ventricles is thus rendered peculiarly hazardous. Com- 
pression of the cerebral peduncle against the tentorium cerebelli may 
cause homolateral pyramidal symptoms (298) . 

To add to the difficulties of localizing an intracranial tumor, the 
patien t's memory may be defeaive, or he may b e^aph^ ic, so that he 
cannot give his history. From mental disturbance he^ay be unable 
to cooperate in an essential examination, such as that of the visual 
fields. He may even be in coma and no relatives be present to relate 
the course of the illness. In this siniation the physician is compelled 
to practice what is practically veterinary medicine. 

But the physician can aid himself in various ways. If the intracranial 
tension is high he may begin by injecting intravenously a hypertonic 
solution (50 ccm. of 50 percent glucose is best). Fluid is thus removed 
from the brain and subarachnoid spaces into the bloodstream and intra- 
cranial tension thereby reduced. The resulting change is sometimes re- 
markable, especially if there be an internal hydrocephalus. It is rare 
that some improvement does not occur. The effect however lasts only 
a few hours at best and is difficult to repeat so that one must make 
the most of the transient period of improvement. 

More lasting improvement may be obtained by removing a portion 
of the skull by operation, the so-called decompressive procedure. This 
gives the brain a chance to expand and reduces intracranial tension. 
Symptoms produced by tension then improve whereas symptoms pro- 
duced by the local inRltration of the tumor are often accentuated (92). 
But in interpreting the latter symptoms one must be careful to discount 
those due to herniation of the brain through the decompressed area. 
When the opening is made in the temporal region the symptoms some- 
times produced by herniation are hemiparesis, most noticeable in the 
face, and, if the opening be on the left side, aphasia. 
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But the decompressive operation is now little used for this purpose 
since the development of the procedure known as ventriculography 
(1^2). The ventricles of the brain have a known shape and situation 
within the skull. It is evident that an expanding lesion must distort and 
displace them (Figs. 144 and l45). The ventricles may be tendered 
visible by replacing their fluid content with air. Since the air is of less 
density it is visible in the roentgenogram. When this procedure was 
discovered many thought that there was no longer any need of a pains- 



FlC. 144. Scheme of anteroposterior venulculograms. At the left, the veotrldes 
ate distorted and displaced by a large left frontal niisor; at right, the ventricles 
are in noifflal position but slightly dibt^ Compare Plates X and XL 


caking search for neurological symptoms and signs. A simple injection 
of air w'as thought to be sufficient. But experience has taught otherwise. 
The roentgenograms are often difficult to interpret and the procedure 
has been found to be not without danger to the patient. Symptoms are 
exaggerated and death sometimes ressdts from its use {374) > 

It is difficult by the method of ventriculography to obtain a clear 
image of the third and fourth ventricles. The air either does not enter 
them or they are so narrow that the shadow cast by the air is not suffi- 
ciently dense to be clearly visible. This is a most unfortunate defect of 
the method because the differentiation between tumors of the third and 
fourth ventricles is often very difficult to make on the basis of the symp- 
toms. The third and fourth ventricles are more easily filled by the method 
of encephalography, in which the air is introduced by lumbar puncture, 
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but thb method is dangerous in the presence of increased intracranial 
tension, especially if the tumor is in the posterior cranial fossa, and 
hence is seldom used in cases of tmracranial tumor. It is also difficult 
to interpret the shadows of the temporal horns. I have been repeatedly 
led astray by supposed defects of these portions of the ventricular sys- 
tem. And the occipital horns are normally so variable in size, length, 
and direction that they must be interpreted with great atution. 
triculograpby should, therefore, be resorted to only when necessary, in 
my experience in about fifteen percent of cases, and even then often 



Fia 145. Scheme of lateral veouiculograma. At the left, the veotxtdes are dilated 
but in normal position; at the eight, the anteriot horn is deformed by a large 
right frontal tumor which has also occluded (be interventricular foramen so that 
no air has entered the third ventricle. Compare Plates X and XL 


leaves one more puzzled than ever. I have found this method most useful 
in deteaing tumors of the frontal lobes. The frontal horns of the 
lateral ventricles are fairly constant in size and position, readily filled 
with air and easily demonstrated in the roentgenogram. 

It should not be forgotten also that ventriculography does not make 
a diagnosis of tumor but only of distortion or displacement of the 
ventricles. The pathological nature of the disturbance must be deter- 
mined otherwise. This may sometimes be accomplished by the method 
of ARTERIOGRAPHY in which a radio-opaque substance is injected into 
the carotid artery (.346) . This method gives some hope of being able to 
detea glioblastomas in a large percentage of cases, because of the 
abnormal vessels which they contain, and makes the diagnosis of 
angiomas and aneurysms very easy (cf. Plate xii). 


Chapter 19 


DIFFERENTIAL DIAGNOSIS FROM OTHER 
(PATHOLOGICAL) CONDITIONS 

To discuss adequately the differentia! diagnosis of intracranial tumor 
would necessitate a survey of almost the whole field of nervous diseases, 
because few indeed are the intracranial diseases which do not at one 
time or another simulate tumor. T he diSere ntiation of brain-tumor is 
m ade uith the sum total of one'Tknoivledse' ^ neurolog y. We 
note only the most important conditions to be distinguished. 

Fottaecly the cUtucian was greatly preoccupied wUh the dtffetea* 
tiation of cerebral syphilis, but as this disease becomes better under- 
stood and new methods of treatment and diagnosis are developed it 
is less often confused with brain-tumor although it must still always be 
excluded in the differential diagnosis. Tuberculosis also has diminished 
in importance since proper care of tuberculous patients has become so 
universal. At the present time, when we do not so often wait for the 
symptoms of intraeranial hypertension and an attempt is made to estab- 
lish the diagnosis of tumor early, / have found it most difficult to differ- 
entiate primary v ascular disease of the brain. It is not only that 
tumor may simulate arteriosclerosis, with multiple small vascular in- 
sults, but m ajor apoplexy may also occur in cases of tu mor. I have here 
the brain of such a case. You see that there is a diffuse tumor in 
the left angular gyrus and subjacent tissue into which a hemorrhage has 
occurred (Fig. 146). 

The patient (CASE LVii) was an engineer of fifty-five years, appar- 
ently in perfect health. No evidence of symptoms of illness previous to 
February 13, 1931, could be obtained. "VCTiile eating his lunch that day 
in the cab of his engine he suddenly fell unconscious. He recovered 
consciousness after about four hours but remained irritable, confused, 
and depressed. Wassermann reaction on the blood was negative; the 
bloodpressure was 230/120. Some days later, after rest in bed, it went 
down to 180/115. He attempted to return to wOtk but could not inter- 
pret signals. He had great difficulty in reading. He was also unable to 
play cards; his memory for recent events was poor; he felt that he was 
about to lose his mind and wept frequently. 

396 
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On March 20 the pupils were found to be normal. There was no 
edema of the optic discs, and no sclerosis of the retinal arteries. By gross 
examination there seemed to be a right homonymous defea in the 
visual Helds. There was a right hemiparesis and hemihypesthesia. The 
bloodpressure was 170/94. There was no evidence of uremia. The pres- 
sure of the spinal fluid was 269 mm. of fluid in the recumbent posture. 
The spinal fluid was normal. After the spinal puncture the hemiparesis 



Fig. 146. Cross section of briin of Case UCvi. Scaion pssses through anterior 
pare of lesion in neighborhood of left supramarginal gyrus. 


increased, the patient developed a hyperpyrexia and pulmonary edem a 
w" a nd di^ . The necropsy disclosed the fumUryUu fjave ;usr seen. 

There was no reason in this case to diagnose cerebral tumor before 
the spinal puncture was made, except that, as I have so often told you, 
wumor mus t always be suspeaed as a possible cause of any vascular 
in sult in middle lite. In this case the hemorrhage occurred before the v 
tumor had reached a size to cause symptoms of increased intracranial \ 
pressure. The opposite situation may also exist; headache and choked 
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disc may develop before the hemorrhage or thrombosis occurs and at 
necropsy no tumor be found. Whenever in these cases the bloodpres- 
sure is high it is best to treat the patients as primary vascular lesions 
because craniotomy in cases of hypertension usually ends in a fatality 
from cerebral hemorrhage. I have already on several occasions dis- 
cussed the difficulties of differentiating primary vascula r disease from 
brain- tumor so I will spend no more time on t his sub'ject now, Hut con- 
tent myself with again emphasizing its importance. 

The diagnosis of syphilis has been singularly simplified by the de- 
velopment of the Wassermann reaaion. Although it cannot be always 
depended upon to diagnose lues, its use enables us routinely to identify 
syphilis in most cases. When formerly intracranial operations were so 
dangerous every patient with symptoms of intracranial tumor was sub- 
Jeaed to a long course of antiluetic treatment. This procedure was justi- 
fiable at that time because the only hope of improvement lay in the 
possibility of the lesion being luetic But as intracranial surgery was 
developed vigorous protests arose (279) against this method of pro- 
cedure, so that now antiluetic treatment is given only when a reasonable 
possibility of lues of the brain exiss. Some idea of the equivocal situa- 
tions which may arise may be gained from the study of these two pa- 
tients. 

The first patient (CASE Lviii) is a salesman of forty years who had 
suffered for many years from diabetes mellinis which was treated inter- 
mittently with dietary measures. About five months ago he became 
nauseated and vomited. Two days later he had a severe headache in the 
frontal region. Since that time the headache has been practically con- 
stant with frequent vomiting. He was found to have sugar in his urine 
and was treated with insulin. His headache improved but his eyesight 
began to fail. 

When admitted to the hospital four months ago he was quite jocu- 
lar and apparently not nwr/ed in the least by his tronbles. He admitted 
having had gonorrhea at the age of eighteen and again at twenty-four 
but denied lues. He was married, but his wife had never been pregnant. 
His attimde contrasted strongly with his actual condition. Vision was 
reduced to 0.6 in the left eye. Both discs were choked at least five 
diopters with large hemorrhages extending far out into the retinae. The 
blind-spots were very large and the visual fields greatly constricted. 
There was a paresis of the left third nerve, possibly also of the right 
seventh. No pyramidal symptoms were found and general sensibility 
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teemed intact. Wassermann reaction on the blood was very strongly 
positive. There was a trace of sugar in the mine and the blood-sugar 
was 196 mgm. per 100 ccm. A roentgenogram of the head showed 
the pineal body to be displaced nearly a ce ntimeter to the right of the 
midline. ^ 

The diabetes could not account for his symptoms. It seemed most 
probable that there was a rumor in the left frontal lobe. On account 
of the Wassermann reaction it was possibly a gumma. Because of the 
serious condition of his eyes exploration with decompression was ad- 
vised but refused, so treatment was begun with bismuth and iodides, 
with dietary control of his diabetes, and he was discharged. His im- 
provement was at first slow but now, three months later, he is able to 
return to work as a salesman. His visual acuity is 0.6 — 3 in the left eye 
and 1,2 with the right. The paresis of the left third nerve has disap- 
peared. The fundi have completely subsided leaving some scars and 
secondary atrophy. There is no glycosuria. The Wassermann reaction of 
the blood is still strongly positive. Roentgenogram shows the pine^— 
body to be exaaly in the midline. . 

With his eyes in such a precarious state this patient took a great 
risk in refusing operation. Secondary optic atrophy might have begun 
at any time and his vision have been irreparably lost. Surgeons first 
began to protest because neurologists persisted in continuing antiluetic 
treatment until the patients were blind before they were sent for opera- 
tion. As a matter of faa the antiluetic ueatment is often not so effective, 
as the following patient will demonstrate. 

She Is a young married woman (CASE Lix) of twenty years who 
began six months ago to complain of headache, frontal in location, and 
worse in the morning. Frequent vomiting accompanied the headaches. 

A Wassermaim test on the blood and spinal fluid at that time was found 
to be strongly positive. At this time also there was moderate swelling 
of the optic discs. Antiluetic treatment was begun and continued vigor- 
ously but without improvement. She began to have attacks in which 
she became lethargic and was unable to speak for several hours. The 
pulse was very rapid during these attacks. Three months later she de- 
veloped diflSculty in using her right arm and leg. She also could not 
speak well and was brought to the hospital. 

When fitimi npil she was cooperari^'e and seemed ro understand well 
what was said to her but had great difliculty in speaking. The pupillary 
reactions were nor mal. The optic discs were choked 3-4 diopters; the 
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visual fields normal. There vas a right hemlparesis, predominating in 
the arm, with extensor plantar reflex and clonus at the ankle. The right 
abdominal reflex was not obtained but sensation seemed normal on the 
right side. A Wasserman test on the blood was again strongly positive. 
Roentgenogram of the head was normal. 

A diagnosis of gumma of the brain was made and a left osteoplastic 
exploration performed. The dura mater was tense. The arachnoid mem- 
brane was tough, thickened, and milky. The convolutions were not flat- 
tened. There was a great deal of subarachnoid fluid. An exploring 
needle found no evidence of tumor but the cerebrum seemed tougher 
than normal. Some fluid was removed from the lateral ventricle. A 
subtemporal decompression was made and the wound closed. The next 
day her speech was no worse but she was entirely unable to move the 
right arm. Motion did not begin to return until a month later. The de- 
compressed area bulged slightly. AntUuetic treatment with mercury and 
iodide was continued vigorously. It is now five months after the opera- 
tion. Her speech is entirely normal. The hemiparesis is markedly im- 
proved; there is still some slight weakness of the arm. The optic diso 
ate flat and so is the decompression. The Wassermann rcacrion is still 
strongly positive. 

( It has been demonstrated many timet that lues of the brain which 
has not responded to medical treatment may do so promptly after a 
craniotomy has been made (337). The explanation is not certainly 
known but the fact is sufficiently attested. Moreover, operation in these 
cases is attended with a very small mortality provided it is made with 
local anesthesia. Patients with cerebral lues take general anesthesia 
badly (312). So that in case prompt improvement docs not occur, or in 
case the symptoms progress under treatment, operation should be under- 
taken at once. The foregoing statement applies only to cerebral lues of 
the meningo-vascular or gummatous variety. 

Iires may affect che intcsccanisi stmcrures ia varkms mtys (230). 
It may rarely produce a simple meningitis with headache and stiffness 
of the neck and papilledema. In tESe oses involvement of the nerves 
is indicated by double vision, girdle-pains and dysesthesias. Lumbar 
puncture reveals many lymphocytes iir the spinal fluid and the Wasser- 
raann reaaion is strongly positive. But usually the meningitis is of the 
gummatous variety and involves the cortex of the brain also to form 
a meningo-encephalitis. Such lesions ate usually said to be most common 
over the base of the brain but are also frequent over the convexity. 
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in episodes just as in arteriosclerosis, and for the same reasons, and the 
difFetentiation must be made from this disease and from cerebral neo- 
plasm, es pecially glioblastoma multifo rme. Syphilitic cerebral vascular 
disease is tisually accompanied by headache, giddiness, and vomiting, 
often also optic neuritis or even choked discs. The age-inddence is a 
little different from arteriosclerosis, being usually from twenty to thirty- 
five years, whereas arteriosclerosis predominates from forty to sixty, 
,but there is much overlapping as may be supposed, 

Cerebral vascular lues is usually readily identified by the Wasser- 
mann reaction, which is almost invariably positive in the blood and 
often in the spinal fluid also. The variability of the reaction in the 
spinal fluid seems to depend on the extent of the involvement of the 
meninges. Basilar luetic meningitis is also usually identifiable by means 
of the Wassermann reaction tn b/ood and spinal fluid. But gu mmato us 
intracranial lesion s may exist with a completely negative Wasserm ann 
reagi on on both blood and spinal fluid . When you realize that on the 
contrary a positive Wassetmann reaction on the spinal fluid in cases 
of act ual intracranial neoplasms is not rar e (344), the ditiiail^ of 
differ entiatioo is appa rent. You roust remember also that there is 
nothing to prevent a luetic patient from developing a cerebral neoplasm. 

Gummatous tumors generally start in the meninges although they 
may originate in the skull itself. From the meninges the infiammation 
spreads along the perivascular tissues into the cortex of the brain (103). 
It extends outwardly also when situated over the vertex, involving the 
dura mater and often also the calvaria. Over the base of the brain 
the dura mater is usually unaffeaed. When the skull is opened the 
dura mater is found to be elevated, roughened, and discolored over 
the gumma; it is, moreover, adherent m the underlying cortex. The 
gumma separates with difliculty from the brain, leaving a roughened, 
warty surface. Its consistency varies greatly in different parts from a 
gelatinous softness to a firm rubbery texture. When cut in cross sec- 
tion the peripheral parts are pinkish and softer, contrasting with the 
firm yellowish-gray central regions (Fig. 147). In the larger lesions the 
anter may be necrotic Gummatous meningitis and arteritis usually 
accompany them. Gummas vary greatly in size and are seldom single. • 
-^Tbev are very resistant to antilueiie medical treatment. 

Lues may affea also the parenchymatous tissue of the brain pri- 
marily, causing dementia paralytica. The clinical manifestations in 
these cases may begin with epileptic attacks or rarely with cerebellar 
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disturbances before marked dementia ensues. We have learned also 
that tumors of the frontal lobes may cause mental symptoms closely 
resembling those of general paresu. But the latter disease may be almost 
invariably identified by examination of the spinal fluid. A diagnosis 
of general paresis when the spinal fluid is normal should always be 



suspected and another cause than lues be sought to explain the symp- 
toms. 

The other frequent infectious granuloma is the tuberculom a. 
Toward this lesion also our attirade has radically changed in the last 
half century. Tuberculoma was loimcilj considered to be in children 
equally as frequent as neoplasms, and in adults (over nineteen years 
of age) it was said to be quite common (13-6 percent of all brain- 
tumors) {455). Although sdll four times as frequent in children as 
in adults, today tuberculoma is a rather uncommon intracranial lesion 
in the United States although much more frequent elsewhere, certainly 
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not one-tenth as numerous as neoplasms in children and rarely found 
in adults. It is important to recog nize it, howev er, because the results of 
operat ion are no t good. 

. This patient (CASE lx) I am sure has a tubercle in the cerebellum. 
He is a thin, emaciated young man of twenty who has always been 
delicate. Ten years ago he had influenza followed by pneumonia. Two 
years ago he was ill for three months with pleurisy and effusion. He 
began about one year ago to have a pressure-like pain in the occipital 
region at the base of the skull. Ac first it came only once a month but 
gradually more frequently. It began in the morning and became so 
severe that he was frantic. Occasionally he lapsed into a stupor. The 
pain radiated up over the left side of the head. There no nausea or 
vomiting. Six months ago he had to give up his work because he ojuld 
not pick up small objects with his left hand. This difficulty grew stead- 
ily worse. He noted also a tendency to stagger to the right when walk- 
ing. For about the same time there was at times a roaring noise in the 
right ear. Two months later his vision began to be blurred and in 
the last three months he had lost ten to twelve pounds in weight and 
became very weak. 

When admitted to this clinic he was found to be feeble and emaci- 
ated. There was a rather extensive proliferative tuberculosis in the apices 
of the lungs. He had no cough and his temperature ranged between 
3(5.5* and 37.2*. He held his head tilted to the right Just back of 
the right mastoid process could be heard at times a swishing noise 
synchronous with the heart-beat. In walking be deviated more often to 
the right There was a nystagmus on looking to the right and left, 
coarser and slower on looking to the left, with a clockwise rotatory com- 
ponent The optic discs were elevated four diopters with marked second- 
ary atrophy. Vision was 0.1 with the right eye and 0.4 with the left 
The visual fields were generally constriaed. There seemed to be slight 
left facial weakness. Auditory acuity was slightly diminished in both 
ears; the vestibular apparatus functioned normally on both sides. There 
was a slight bilateral exophthalmos (right 21, left 20.5). The extremi- 
ties were all hypotonic and the tendon-reflexes were obtained only by 
strong reinforcement There was an action-tremor of the left arm; 
some asynergia and hypermetria of the left arm and leg; rapid alter- 
nate movements were badly made with the left hand. Roentgenogram 
of the head showed some absorption of the sella turcica. The symptoms 
pointtd to a tumor of the left cerebellar hemisphere although the his- 
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tory and finding of staggering to right, together with the occasional 
bruit back of the right ear, indicated the possibility of a lesion also in 
the right hemisphere. Because of the pulmonary tuberculosis a tuber- 
culoma was most probable although a hemangioblastoma was also con- 
sidered because of the bruit. 


A suboccipital craniectomy was made with local anesthesia. As soon 
as the dura mater was opened it was evident that there was a large mass 



Fig. 148. Cross scctioo of brain with niberde in the left cerebral peduncle. 


in the left hemisphere. The vermis was pushed far over to the right. 
The left tonsil was herniated into the foramen magnum. Tlie left 
hemisphere was very hard and adherent to the dura mater laterally. 
Since the lesion was almost certainly a tubercle the wound was closed 
without any attempt to remove it. He recovered promptly from the 
operation. His headaches are relieved; his choked ^cs have subsided, 
but his cerebellar symptoms are unchanged, as you see. The nystagmus 
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is marked, he cannot walk without assistance and is to be transferred 
immediately to a sanitorium for tuberculosis. 

Tuberculosis causes most frequently two very different affeaions 
of the nervous system — tubercle of the brain and tuberculous menin- 
gitis. Rarely a chronic tuberculous thickening of the meninges in a 
circumscribed area may occur (meningitis chronica tuberculosa circum- 
scripta) or small tubercles be found in the meninges in cases of acute 
miliary tuberculosis, but usually tuberculous meningitis is a diffuse affair 
for which nothing can be done. Tubercles of the brain are often mul- 
tiple, but solitary ones occur (Fig. 148) and are said to be most fre- 
quent in the cerebellum. There is some doubt about this localization. It 
is perhaps more accurate to say that those which are suspected of being 
tumors are most often in the cerebellum, sin ce solitary tubercle in the 
cereb mm rarely causes signs of intractanbl hypertens ion. 

Patients with tubercles in the brain usuHly die of mberculosis else- 
where in the body, often miliary tuberculosis (237). Sometimes the 
cerebral tubercle will approach the meninges causing a terminal tuber- 
culous meningitis. Tub ercle of the_brain may be susoeaed when svmp - 
toms of a focal lesion of^hebrain without symptoms of increased intt a- 
cranial tension develop in a child with tuberculous lesions elsewhere in 
the body. There is no way of making a positive diagnosis before opera- 
tion. At the present time cerebral tubercle is much more frequent in 
negro chan in white children. At operation tubercle may be suspeaed 
from the hardness of the lesion and is more certain if the lesion also 
involves the meninges, as in the case I have just shown you. It is then 
much better to leave it alone. Any attempt at extirpation is often fol- 
lowed by a tuberculous meningitis {484). A decompression will give 
imm ediate relief and the patient should then be treated like a case of 
genetal tuberculosis. 

^ In this country p arasite s do not often enter into a differential 
diagnojis^ intracranial disease but occasionally they are encountered. 
In manyforeign countries h ydatid dis^ e must always be considered. 
It would be wise for us also to temember this possibility whenever 
we have patients of foreign birth. All of the cases of intracram'al 
echinococcus infection which I have seen have been born abroad, usually 
in Greece. Hydatid disease of man is caused by the cystic stage, in the 
intermediate host, of the taenia echinococcus which normally infests the 
intestine of dogs (170). Man is infeaed by ingesting the ova; the 
embryo is hatched in the stomach or upper intestine and penetrates 
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hs wall. It is, therefore, understandable that the cysts are more fre- 
quent in the liver than in any other organ, since it is the first organ 
to which the venous blood carries the embryos. In man the cysts of the 
brain may be either primary or secondary. In the former case the embryo 
passes through the liver and lungs and lodges in the brain. Such pri- 



Fig. 149. Horizonul seaioo of brain wbidi hydatid cysts (after Kaufmann). 


mary cysts of the brain are rare and much more frequent in children 
than in adulc. They are almost always yjUtary and may reach an enor- 
mous size, containing as much as nineteen ounces of fluid- The cyst has 
a very thin wall and causes very little reaction in the surrounding cere- 
bral tissue. It is almost always in the cerebral hemisphere. The second- 
ary cysts are metastatic and usually multiple (Fig. 149). They may 
occur anywhere in the brain. They result from the transportation of 
scolices or brood-capsules to tlw brain following rupture of a primary 
cyst usually in the left side of the heart. The cysts are typically in the 
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cerebral substance but may rupture secondarily into the subarachnoidal 
space or ventricles. 

It can be understood that the symptoms resulting from such a dis- 
ease of the brain will be quite varied. Almost any sort of focal symptom 
may occur, of which focal epilepsy is most common. Some of the pa- 
dents are considered to be idiopathic epileptics, others as basilar luetic 
meningitis, some have no symptoms, the cysts being found at necropsy, 
and still others are psychotic — dementia, depression, disorientation, hal- 
lucinations, catatonia, manic excitement, and delirium, being observed. 
In children the cysts cau se a peculiar eros ion of the skull in their neigh- 
borhoods which V rather characteris tic ” “ “ 

The diagnosis cannot be made Irom the neurological symptoms but 
is established by demonst rating a general hydatid disease (508). The 
cysts may be demonstrated in t he liver or lung s. If not^ the presence 
of such an infection may be established by romple ment-fixation tes t 
on the blood (positive in about 80 percent of cases) or by intradermal 
test (positive in about 90 percent to ^rcent) . No constant changes 
are produced in'" the cetebrospinal fluid although a paretic gold-cur ve 
may be found. Pre cipitin and complem ent-hxauon tesg on this fluid 
are very inconstant an<r the was^mann reagion is negative. The 
nationality and birthplace of the patient are of considerable importance. 
The disease is contraaed usually in childhood and is especially prevalent 
in sjieepher ding communities wher e the hy gienic c onditions arc n ot so 
gooXlt is most common m certain parts ot Australia, South America, 
South Africa, and southeastern Europe. 

In addition to arreriosclerbsis, sypKtlis, tuoCTCuIosis, andnydatid cysts 
there is a host of conditions less frequently confused with intracranial 
tumor. I can mention only a few of them. Brain abscess, if it devel- 
ops in immediate sequence to an acute in/e^on of’ the middle ear, 
accessory nasal sinuses, or in the course of a chronic bronchiectasis or 
abscess of the lung is usually readily diagnosed. But sometimK die 
intracranial extension of the infeaion may pass unobserved in the course 
of the primary affection and it is with these chronic abscesses that diffi- 
culty in diagnosis arises (17). 

Except for frequent sore throats this boy (case lxi) of fifteen was 
well until eight months ago. He had at that time a cold and was in 
bed with a discharging right ear for a wek. Then he had spells of cry- 
ing and convulsive seizures and complained of pain and a pulsating 
sensation in the occipital region of his head. He did not arise from his 
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bed until a month later and soon began to complain that he did not 
see well. He was examined at tlm time and found to have choked discs 
, of five diopters. His parents were advised that he probably was suffering 
! from a tumor of the brain, but they refused to consider an operation. 

A month ago he became almost totally blind and was finally brought 
‘ to this hospital. 

When admitted he was irritable and uncooperative at times. There 
was secondary atrophy of both optic discs which were also elevated 
about four diopters. He could reoignize moving objects with the tight 
eye only. Examination of the visual fields was of course impossible. He 
was very unstable emotionally but no localizing symptoms could be 
found. His temperature rangeid from 36.5“ to 37.4“. Leucocyte-count 
was 6600. No localizing symptoms being found a ventriculogram was 
made. The ventricular system was not much distorted but was displaced 
markedly to the left. The gold-curve on the ventricular fluid was 
445511100 0. There was a trace of globulin in the fluid. The cells 
seem not to have been counted. The possibility of abscess was con- 
sidered because of the subnormal temperature and history of infection 
but was thought improbable. There was a perforauon of the right tym- 
panic membrane but no discharge. 

A fight osteoplasuc craniotomy was therefore made. The dura mater 
was very tense. The convolutions in the temporal region were flattened, 
yellowish, avascular, and soft The lateral figure was displaced upward. 
A longitudinal incision in the first temporal convolution came down 
on a firm mass which separated readily from the brain. It was attached 
only to one spot on the petrous bone. Some bleeding from this place was 
stopped with muscle. The tumor was thought to be a meningioma al- 
though at the time of operation it was remarked that there had been 
unusually little bleeding. Examination of the specimen showed it to be 
an abscess with a very thick wall. Its contents were sterile, but it had 
been for two days in formalin before being opened. The patient devel- 
oped a septic type of fever, ranging from 37“ to 39.8“. Three days 
after operation puncture was made in the temporal region and a drain 
was inserted. There was a serous discharge from which no organisms 
were grown. The temperature gradually subsided. The drain was re- 
moved a week ago and he is now quite well. The choking of his optic 
discs has subsided, but his vision is permanently lost. 

1 Whenever in the previous history of a patient with intracranial 
hypertension there occurs an acute febrile episode of any nature the 
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patient and his relatives should be questioned closely concerning symp- 
toms at that time which might indicate an intracranial extension of the 
infection. Intracranial suppuration is often initiated by a chill; this may 
be a frank chill or only a vague chilly shivery feeling. Headache a 
almost always present varying from a dull ache to a violent pain. True 
projectile vomiting rarely occurs but irregular vomiting is often present. 
Malaise and prostration out of proportion to the external suppuration 
are also suggestive. When these symptoms occur after the primary 



Fig. iso. Cross seaioc of braia with encapsulated abscess in left temporal lobe. 


febrile disturbance has disappeared, whether an operation has been per- 
formed or not, intracranial extension should be feared. When the intra- 
cranial suppuration is aaivc the symptoms vary with the extent of 
involvement of the meninges. When the meninges are involved there 
is always a pleocytosis in the spinal duid, largely polymorphonuclear 
leucocytes in the invasive stage. 

Qironic abscess (Fig. 150) may be suspeaed from the history, from 
a subnormal irregular temperature or pleocytosis in the spinal fluid. 
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There are often convulsions, especially in children. The puJserate tends 
to be slow even when the intracranial tension is not increased. Indeed 
a sl ow pulse is much more characteristfc of abscess than of t umor, ex - 
cept in acute exacerbations of intract Mial hypertension . Projectile vom- 
itin^may also occur it the abscess is in the cerebellum, even when the 
intracranial tension is not increased. Palsy of the sixth nerve is fre- 
quent and of no localizing significance; it is often involved in the sup- 
puration where it passes over the tip of the petrous bone. Papilledema 
is rare if the abscess is in the frontal lobe; mild homolateral papil- 
ledema often follows occlusion of one lateral sinus or jugular vein; bi- 
lateral papilledema is most frequent with cerebellar abscess. 

The results of cranial injury are sometimes very confusing. A 
story of a blow on the head can almost always be obtained in any 
case of intcacranial neoplasm if it be asked for. The history of cranial 
injury must be aaepted with caution, especially since we have compen- 
sation-laws for workmen. Repeatedly in my experience the symptoms of 
cerebral tumor have been dated from some trifling injury received while 
tt work. The student must realize that many patients, either wittingly 
or unwirzingly, may distort the clinical history and so mislead the 
physician. He must learn to judge the reliability of the patient as a 
witness. Even when there is no question of misinformation it is not 
always easy to determine the exact srate of affairs especially in those 
cases of slow formation of a subdural hematoma which may follow 
trifling injuries. 

This man (CASE lxii) of forty-nine was brought to the hospital in 
a semi-comatose condition. His relatives related that a month ago he 
complained of headache over his right eye. Before this time he bad 
been well but somewhat depressed sm<^ his brother’s death three months 
previously. Headache continued for a week when he called a physician 
for the first time in his life. The physician gave him some powders for 
his headache, but it was not relieved. On the evening before his admis- 
sion to the hospital he ate heartily but soon began to be drowsy and 
asked foolish questions. The following morning he was worse, had to 
be helped to the bathroom, and was later brought to this clinic. 

When admitted he could not be arotised suffidently to answer ques- 
tions intelligently. His pulserate was 80 and his bloodpressure 110/64. 
The right pupil was larger than the left but both reacted to light. The 
fundi were normal. The right abdominal reflex was not obtained and 
the knee-jerk was brisker on the right side. There was no sugar in the 
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urine and no albumen. The temperature was 37.2® by rectum. On the 
following morning his pulserate had fallen to 40 but the bloodpres- 
sure had risen only to 118/74. The right pupil was still larger. The 
tendon-reflexes on the left side seemed slightly brisker. No abdominal 
reflexes were elicited. There was some cervical rigidity. A lumbar 
puncture was made; the pressure was 550 mm. of flmd, and the fluid 
was clear but slightly yellowish. Questioning of his relatives elicited 
only the fact that he had tripped on the lawn and fallen about the 
rime of onset of his headaches. He did not strike his head and was 
not injured in any way. They knew of no other accident. Roentgeno- 
gram of the head showed no evidence of fracture. The yellow cerebro- 
spinal fluid indicated old bleeding near the subarachnoid spaa, but its 
source and cause were not evident. However, his condition was serious 
and the possibility of an extradural hemorrhage made us advise ex- 
ploration, on the fight side because of the dilated pupil. 

Under local anesthesia, therefore, a trephine-opening was made in 
the right temporal region. As soon as the dura mater was opened a large 
tjuantity of chocolate<oloted fluid escaped. A fragment of the dura 
mater was removed. On its under surface was about one mm. of a 
rcddlsh-gray material of about the insistency of liver. A drain was 
inserted and a bandage applied. The pulserate rose to 80 on the fol- 
lowing day and the bloodpressure fell to 102/60 but tv .'0 days later the 
patient could not be roused, the pulserate gradually descended to 55, 
and the pressure rose to 1 12/78- It was considered possible that he had 
a similar hematoma on the opposite side, so a trephine-opening was 
made on the left side. No hematoma was found; the brain was not 
tense. After this he slowly improved, the pulserate varying between 
55 and 90. He complained a great deal of headache. There was con- 
siderable bloody discharge from the drain, but that has now ceased and 
he is quite well and ready to be discharged. He tells us now that about a 
month before his headaches began he fell downstairs and bumped his 
h«id rather badly. He was not unconscious and said nothing about it 
to his relatives. 

subdur al hematoma ( 3SP) is usually unilateral but is bi- 
lateral in about a^ird of the cases. It is usually simated over the vertex 
of the cranium but may be basal and occasionally in the cerebellar fossa. 
The colleaion of blood varlSTn thickness from a fewnuIUmetefs to 
four or flve centimeters (Fig. 151). Complete organizarion of a large 
hematoma is rare so that usually there is a large amount of coffee- 
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colored fluid containing clots. The outer portion is usually organi2ed 
by connective tissue and of about the consistency of liver. It is reddish* 
brown in color with streaks of green and red. The inner surface ODn- 
tains large thin-walled vascular sinuses from which fresh hemorrhages 
may occur. The dot is, therefore, completely surrounded bv connect ive- 
tissue cells which attempt to organize it. especially from the dural sur- 
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is almost al\\^ys the exciting cause especially in adults. It may be very 
slight. The bleeding may come from ruptured sinuses, l acunae , or prob- 
ably most fre quentlyjrom ruptured cerebral veins w hich traverse the 
membranes on their way to the sinuses. Symptoms may come on in a 
few hours or .be delayed for wee ks or montfis. In general the longer the 
latent perio d the more gradual is the onset of symptom s. 

The symptoms are extraordinarily variable. ‘CJculomotor palsies are 
frequent. From local pressure of the hematoma arise h eml^ esis, 
aphasia and con vulsions. S tiffness of the neck i s common andT^ith 
inaease in size of the hematoma, headache, vomitirjg, and c(ipked discs 
appear. Mental aberrations are frequent and o ut of p r oportion to the 
intracranial hypertension. These patients are irritable, stubborn, and 
unmanageable, sometimes untidy and obscene. There is usually a low 
I fever but subnormal temperatures are common and these combined with 
' a slow pulse, also frequent, often make one stispe pt cerebral ab scess. 
The spinal fluid is usually under increased pressure and often of j^el- 
lowish color. ' 


^ One of the lesions usually mentioned in any discussion of differen- 
^nal diagnosis is aneurysm. Yet intracranial aneurysm of sufficient size 
to cause ititraccanS^ypettension is tare. It is usually stated that one 
of the charaaeristic symptoms of intracranial aneurysm i s a bruit to 
be heard over the head. This is not true in my experience.' An intra* 
cradlabbfuit isheard whenever there is an arteriovenous fistula within 
the cranium. This occurs often in the presence of angioma, rarely with 
aneurysm. By aneurysm we mean a focal, fusiform, or saccular dilatation 
of an arterial wail or a saccular cavity communicating with the lumen 
of an artery. It may be eraWi'c or oaujQaSc, occasionally of syphilitic 
origin, but in young people it is usually due to a congenital defectln 
the arterial wall ( 201 ) . In older people aneurysms are often of arjeyo- 
sclerotic origin. Gjngenital aneurysms predominate between the ages of 
twenty-five and fifty years and arteriosclerotic aneurysms after fifty years 
of age. Both types are most frequent at the branching of the cerebral 
arteries near the circulus arteriosus. Syphilis causes aneurysms of the 
larger arteries; in the smaller ones the proliferation of the intiraa which 
it causes occludes the lumen before the wall is sufficiently weakened 
to result in an aneurysmal sac. Hence in the brain syphil itic aneurysms 
are common in the ^ilar arte ry. Intracraiual aneurysms are not very 
frequent; perhaps in 0.80 percent of examinations of the head they are 
found, infeaious in 0.24 percent and noninfeaious in 0.57 percent. 



DIAGNOSIS FROM OTHER CONDITIONS 415 

The symptoms of intracranial aneurysms are rarely due to their sue. 
Direct rupture of an aneurysm causes apoplexy and death. But most 
charaaeristic is a seeping of blood from the aneurysm or repeated par- 
tial ruptures (Fig. 152) which give rise to a typical intermittent course 
of events (5). The symptoms in the successive attacks vary with the 
extent of the hemorrhage. There may be a severe headache with some 
stiffness of the neck and fever which lasts for a few days only. There 


hiemtl CQMti 




Fig. 152. Ruptured aueurysm of the right middle cerebral artery (from Parker). 

may also be dizziness, apathy, drowsiness, delirium, or, if the hemor- 
rhage be extensive and sudden enough, an apoplectic attack with or 
without hemiplegia, coma, and death. When such attacks oc cur succes- 
sively at irregular intervals aneurysm should be suspea^. The diag- 


uid early in the attack and 
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can be definitely established by aneriography (346, cf. Plate xv) . In 
older patients hemorrhage into the subarachnoid space or ventricles in the 
absence of aneurysm, or hem orrhage in to a tumor, mually glioblasto ma 
multif orme, cannot always be excluded. However, palsies of the cranial 
nerves increase the prolwbility of aneurysm since it L’es so frequently 
around the circulus arteriosus. In particular the common congem'tsd 
aneurysm of the internal carotid artery and its immediate branches gives 
rise to a syndrome charaaeriaed by palsy of the oculomot or nerve and 
severe su pra-orbital pain due to involvement of th e o phthalmi c branch 
of the trigeminal nerve. 

Various types of encephalitis simulate intracranial tumor. Many 
tumors run an irregular temperature and without signs of intracranial 
hypertension are diagnosed as encephalitis (, 459 ). On the other hand 
encephalitis may produce signs of increased intracranial tension and 
lead to surgical intervention for tumor. The term encephalitis implies 
inflammation of the brain, and has been badly misused. The brain has 
a rather stereotyped way of reacting to injuries, which is perhaps the 
reason why of all the non-suppurative encephalopathies called encepha- 
litis only two have a known infeaious agent If we exclude syphilis, 
tuberculosis, parasites, and sepsis, which we have already discussed, 
we may classify non-suppurative encephalitis as follows ( 236 ) : 

1. Qironic multiple sclerosis and ^rtain acute cases of multiple 
sclerosis. 

2 . Acute disseminated encephalomyelitis and certain cases of acute 
multiple sclerosis. 

3. Cowpox and rabies vaccine, measles, varicella, variola, and cer- 
tain varieties of disseminated encephalomyelitis. 

4. Encephalitis periaxialis diffusa and disseminated encephalitis. 

5. Rabies, epidemic encephalitis, and polioencephalitis. 

6. Toxic encephalitis secondary to acute infections and exogenous 
toxins such as lead. 

In all these conditions the detaik of the pathological chan^ differ, 
but many are with difficulty distingttished from each other and of many 
the cause is unknown. Each of them may simulate intracranial tumor. 

We have already noted how with some tumors, particularly in the 
basilar regions of ^e brain, may occur fever, pleocytosis in the spinal 
fluid, somnolence, delirium, and palsies of the cranial nerves. Con- 
versely, with many degenerative and infeaious diseases of the brain, 
fever and pleocytosis may be absent and symptoms of intracranial ten- 
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sion appear. The diagnosis is established in such cases from accessory 
data or from the appearance of more or less specific signs of a particular^ 
malady. Even the most experienced neurologist may remain in doubt 
of the cotrea diagnosis, 

Formerly among workers in various industries using lead, cerebral 
symptoms frequently developed (7.5). Severe headaches and convul-' 
sions, intense double optic neuritis or occasionally amaurosis without 
edema, strabismus, dilatation and sluggishness of the pupils to light, 
mental aberrations, even violent excitement and coma in fatal cases, 
were some of the symptoms observed. Aside from the history of work- 
ing with lead the diagnosis was established by the presence of a blue 
line on the gums, anemia, abdominal colic, constipation, wristdrop, 
and by the presence of lead in the feces. Such conditions at the present 
time are fortunately rare because workers are better proteaed, but 
lead-poisoning is occasionally seen, in my experience always in children 
(356) , and usually from chewing the paint off their cribs. 

It would be impossible for me to discuss with you each of the more 
or less well-known types of encephalitis. Such a discussion would take 
us too far afield. Moreover, in my experience, tumors which have simu- 
lated some form of encephalitis have been almost invariably inoperable. 
But I should like to call your attention to the fact that there exists in 
addition to the more or less well-known varieties of degenerative and 
inflammatory diseases of the brain a great number of encephalopathies 
of unknown namre which may simulate intracranial tumor. These are 
apt to be called pseudotumors (206) by the surgeon who has his atten- 
tion fixed on the possibility of tumor, or chronic serous meningitis 
and chronic arachnoiditis (272) because at operation he finds some 
thickening of the lepcomeninx with local accumulations of cerebro- 
spinal fluid. Many of these cases are doubtless due to obscure inflamma- 
. abns of the brain of unknown nature (Z9)> Something similar is often 
produced in children following infections of the middle ear and mastoid 
cells. 

This woman (CASE Lxiii) of thirty-two years is typical of these 
obscure conditions in their acute stages. She came to the clinic com- 
plaining of failing vision. Four months previously she had begun to 
have headaches, mainly in the frontal region. She consulted a physician 
at this time who found her vision in the left eye to be very bad; the 
right vision was good. Her condition changed little until three weeks 
ago when she began to have what slw calls "misty spells” during which 
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for a few seconds she could not see dearly. She became forgetful and 
depressed. She had previously been well but was always fat, even as 
a child, weighing over two hundred pounds since reaching adult life. 
For the last four years her menses were irregular. She had been married 
for six years and had never been pregnant. But she had never been 
ill except with children’s diseases and an appendidtis for which an 
operation was performed five years previously. 

When admitted to the clinic she weighed 111.4 kg. and was 167.5 
cm. in height. Her bloodpressure was 132/90. The basal metabolic rate 
was +1. The urine and blood were normal. General physical ex- 
amination was normal. There was no indication of any organic lesion 
of the nervous system apart from the eyes. Roentgenogram of the 
head showed the optic canals, accessory nasal sinuses and sella tur- 
dca to be normal. Both optic discs were markedly choked, the right 
being elevated two diopters and the left between three and four diop- 
ters. There were numerous hemorrhages over each optic disc. The vis- 
ual acuity of the right eye was 1.5 — 1 and of the left eye 1.0+2. 
The visual fields were normal. Although the acuity was so good the 
periods of amblyopia indicated that the vision might be suddenly lost 
In the absence of any localizing signs it was decided to make a ven- 
triculogram, since it seemed reasonably certain that a brain-rumor was 
the cause of the visual disturbance. 

The ventriculogram to my surprise revealed a perfealy normal 
ventricular system (the fourth venuicle was not seen). It Is now five 
months since the ventriculogram was made. Nothing has been done 
for her except to extraa some abscessed teeth, but she has ceased to 
have blind spells. Her vision in the left eye is 0.8+1 and in the right 
eye 1.5 — 4. The swelling of the optic discs has subsided; there is 
only slight edema of the left disc, the right is normal. Although the 
blind-spots are considerably enlarged the visual fields are normal. She 
no longer suffers from headaches and considers herself to be well. 

Here is also a child (case lxiv) who must have some similar 
trouble. He is four years of age and was taken ill two months be- 
fore his admission to the hospital with an attack of vomiting. The 
vomiting recurred a week later and at that time he complained of head- 
ache. The attacks of headache and vomiting increased in frequency 
and severity. He would saeam with piun and hold his head between 
his hands. His extremities were very hypotonic and the tendon-reflexes 
were very feeble. There was never any swelling of the optic disc. The 
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middle ears were always normal. Only a slight acidosis was found, doubt- 
less due to repeated vomiting- Cyclic vomiting with acidosis was con- 
sidered as the most probable diagnosis although the severity of the 
headache kept the physician on the lookout for symptoms of tumor. 
However, the sutures were not separated, the neck was not stiff, there 
was no disturbance of gait and the optic discs were not swollen until 
two months had elapsed. 

When admitted he was very irritable and restless. There was no 
"cracked-pot” sound when the head was percussed and a roentgeno- 
gram showed no separation of the sutures. There was slight swell- 
ing of the optic discs and no nystagmus. He would not coboperate well 
for cerebellar tests but his gait seemed normal. When playing with 
his toys there seemed to be some hypermettia of the hands. All of 
his extremities were very hypotonic and the tendon-reflexes were very 
weak. Shortly after admission he had an alarming attack of headache 
and vomiting with stiffness of the neck and the swelling of his optic 
discs rapidly inaeased. It was determined to operate for possible cefJ^ 
bellar tumor. 

A suboccipital craniectomy was made but no rumor was found. 
The cerebellum seemed perfealy normal. There was no herniation of 
the tonsils, the vermis was not full, and the hemispheres were of normal 
consistency. The posterior cistern was greatly dilated and the arach- 
noidal membrane seemed thick and cloudy. The fourth ventricle was 
empty. The intracranial tension was txsmpletely relieved so that there 
seemed no evidence of any block of the aqueduct. The wound was 
carefully closed. After a transitory hyperthermia the child was well 
for four days and then began to complain of headache and his tem- 
perature rapidly rose to 40*^. The suboccipital region was very tense. 
His wound was opened and drained. The temperature immediately sub- 
sided and he was quite well for a couple of days when one evening 
the muse reported that he had* a fever again. The drain was found 
to be occluded. Opening of the drain was followed by prompt subsi- 
dence of the temperature. Thinking that possibly there might be a 
mmor in the third ventricle an encephalogram was made which showed 
a perfectly normal ventricular system and subarachnoid space. Six 
days following the encephalogram the wound was allowed to close, 
the temperature did not rise, and he has since remained well. 

I believe that these obscure intracranial conditions result, in their 
chronic form, in the condition called by neurologists chronic serous 



420 


INTRACRANIAL TUMORS 


meningitis and by neurosurgeons chronic arachnoiditis or pscudorump r. 
The cerebral affeaion is accompanied by a meningeal inilamma^n 
which results in some thickening and interferes with the proper dr* 
culation of the cerebrospinal fluid. Of course the finding of arachnoidal 
thickening and adhesions by the surgeon docs not prove that there 
is no tumor; often the tumor is found at necropsy in another situa- 
tion. But a sufficient number of necropsy-reports exist to prove that 
such arachnoidal adhesions may be present when there is no rumor 
and I believe they are secondary to encephalic affeaions, the nature 
of which is at present obscure. The primary disease may have been 
forgotten or have provoked such slight symptoms as to pass unper- 
ceived, while the secondary arachnoidal thickenings by compression 
of nervous structures or by impeding circulation of cerebrospinal fluid 
first attraa the attention of the physician. 

It is impossible in the short time at my disposal for me to teach 
you how to differentiate all of the multifarious conditions which may 
simulate intracranial tumor, but perhaps I have sufiiciently impressed 
you with the difficulties of diagnosis in many intracranial pathological 
conditions. The mote one knows of medicine in general and of neurology 
in particular the fewer mistakes he will make. Yet the best trained 
clinician will often err because our ignorance of many of the diseases 
with which we must deal is abysmal, li it be st when in doubt to tre at 
an uncertain condition as tumo r, because tor tumor something may 
be tlone whereas tor most of the diseases simulating tumor there is 
no effeaive treatment. Even for lues, as I have indicated, operative 
treatment is sometimes necessary and effective. 


'V. 
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TREATMENT OF INTRACRANIAL TUMORS AND ITS RESULTS 

There is only one rational treatment of intracranial neoplasm and 
this is to remove it by operation as soon as the diagnosis can be estab- 
lished. Alas, it is easier said than done! Although easier now than 
half a century ago, there are many intracranial tumors which it is still 
impossible to remove; for them accessory methods of treatment will 
need to be discussed direaed toward reducing the increased intracranial 
tension, retarding the growth of the tumor or relieving distressing 
symptoms. In addition there will always be a certain number of tumors 
which we will never be able to remove, such as gliomas of the brainstem. 

The number of fatalities from operations for intracranial tumor 
would be materially reduced were we able to foretell in every case 
the exact nature and location of the lesion. But up to the present time 
in only three specific tumors have I been sufficiently certain of my 
diagnosis to advise that an operation would be futile; these were glioma 
of the corpus callosum, glioma of the optic chiasm, and glioma of the 
brainstem. Ordinarily, therefore, there is only one indication for opera- 
tion for intracranial tumor and this is the reasonable certainty that 
such a tumor exists. And there is only one time for operation and 
that is as soon as the diagnosis can be established. It is obvious that the 
earlier the diagnosis of tumor is made the easier will be its removal. 
Difficulties multiply as the size of the tumor increases and as it infiltrates 
the surrounding structures. 

But we have learned that it is not only necessary to know that a 
tumor exists in the intracranial cavity, we must know also its location. 
The abdominal surgeon strives also to make a localizing diagnosis but, 
if he cannot, he can open the belly by a midline incision and through 
it explore the entire abdominal cavity- The cranial surgeon cannot do 
this. It is necessary for him to make his opening in the cranium accu- 
rately in a certain region for each type of tumor in a given situation. 
Since it is not possible to locate accurately all intracranial wmors 
from the symptoms alone, it is necessary at times to resort to minor 
operations in order to secure added information necessary to the plan- 
ning of an attempt to remove the tumor. 

421 
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Suppose that the physician is uncertain whether the tumor is sit- 
uated in the supratentorial or subtentorial cavities. He may resort to 
what is known as the method of ventricular estimation { 151 ). The 
two lateral ventricles are punctured and drained of their contained 
fluid. If considerably more fluid than normal is obtained, but an ap- 
proximately equal amount from each ventricle, one may conclude that 
there is an internal hydrocephalus. This is most commonly caused by 
a tumor in the posterior fossa. But not necessarily so; a tumor in the 
third ventricle or near the midbratn may cause also equal dilatation 
of the lateral ventricles. To surmount this difficulty a dye, usually 
phenolsulphonphthalein, is injeaed into one lateral ventricle. If it can- 
not be withdrawn in the fluid from the opposite ventricle one, at least, 
of the interventricular foramina is occluded. But it cannot conversely 
be concluded, if the dye does pass freely from one lateral ventricle 
to the other, that the interventricular foramina are open, because often 
in cases of internal hydrocephalus large openings are produced in the 
septum lucidum through which fluid may freely pass, even though the 
third ventricle be entirely filled by a rumor. Moreover it should be 
remembered that with the head in the usual semireclining position for 
making these ventricular punctures more fluid will be obtained from 
the first ventricle punctured, because not only will that entire ventricle 
be drained, but also the anterior part of the opposite ventricle above 
the interventricular foramen. One cannot necessarily conclude, there- 
fore, because more fluid is obtained from one lateral ventricle that 
the opposite one is partially occluded. Nor, if the total amount from 
each ventricle is not increased, can one certainly conclude that the 
tumor must lie in a situation which does not interfere with the drain- 
age of cerebrospinal fluid. Patients may die of intraventricular tumor 
and the ventricular system not be dilated appreciably. The method 
of ventricular estimation is, therefore, subjea to many errors of inter- 
pretation. 

A much mote certain way to visualize the ventricles is to fill them 
with air and then photograph them with roentgen-rays. This may 
be accomplished through a needle inserted into the lumbar sac of 
the subarachnoid cavity. The best method uses two needles (method 
of Bleckwenn) . The upper one Is inserted between the third and fourth 
lumbar vertebrae and the lower one between the fourth and fifth. The 
upper needle is connected by a rubber-tube to the upper end of a 
long glass-tube of 150 ccm. capad^ or more, and the lower needle 
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in the same way to its lower end. By lowering the glass-tube the cere- 
brospinal fluid will flow from the lower needle and air is automatically 
and simultaneously injected into the spinal canal through the upper 
needle. With the patient sitting, the air bubbles upward replacing the 
fluid first in the posterior cistern, then in the interpeduncular space, 
then fills the ventricular system, and finally infiltrates into the sulci 
over the cerebral hemispheres. This method of filling the ventricles 
has many inconveniences. In the first place, sometimes the air will 
not enter the ventricular system at all. Also, the forest of ramifying 
shadows of the sulci and cisterns obscures the ventricles in the roent- 
genogram. Moreover, the method is dangerous when there is an in- 
creased intracranial tension, especially if a mmor be present in the 
posterior fossa, for the same reasons that any lumbar puncture is ckn- 
gerous. It has the advantage of filling the third and fourth ventricles 
well, but the method should never be used except in an operating-room 
where the necessary facilities are ready to deal with emergencies. 

It is safer in cases of intracranial tumor to puncture the lateral 
ventricle direaly and introduce the air in this way (I48). To accom- 
plish this the patient is usually placed in a semireclining posture. Two 
ttephine-openings are made, one in each occipital region about 3 cm. 
lateral to the midline. Through these openings a needle is inserted into 
the occipital horn of each lateral ventricle. The fluid is allowed to drain 
out and is replaced with air. It is better always to puncture both 
ventricles if possible and to bubble air through from one needle to 
the other. The roentgenograms are much better and much more easily 
interpreted if the ventricular system is as completely filled as possible. 
At any rate the air should never be injeaed under tension. This method 
of direct ventriculography has the advantage that an uncomplicated 
view of the ventricles is obtained. It has the disadvantage that it is 
difficult to fill the third and fourth ventricles in this way. When air 
does not enter the third ventricle one is never sure that it did not do 
so because the ventricle was occluded. But the method often furnishes 
much aid when the tumor lies within or around the cerebral hemi- 
spheres. 

The methods of encephalography and ventriculography give evidence 
of the presence of a mass but none concerning its nature. Two methods 
have been proposed to aid in the pathological diagnosis. It has been 
suggested that a core of tissue be removed with a cylindrical sharp 
n^le after trephination; this method risks a dangerous hemorrhage 
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and it is difficult to interpret the material removed. Useful information 
with less danger may be obtained by arteriography with thorotrast or 
other opaque medium. It is usually performed after exposing the artery 
surgically (346) but may be made by puncture through the skin (438). 

So far we have been discussing diagnostic methods, but they are 
surgical methods and are really means of obtaining information neces- 
sary to planning the surgical intervention. We will suppose now that 
we believe a tumor to be present in the intracranial cavity, that we 
know where it is situated and possibly also its nature, and turn our 
attention to methods of removing it. Surgical asepsis must of course 
be observed, and with particular rigor, for the operation will be long 
and the cerebrospinal spaces an excellent place for baaeria to grow in. 
Just before the operation begins the patient’s head is completely shaved 
and washed with soap and water. This should not be done the night 
before because scratches in the scalp are always made by the razor and 
in the time which intervenes between the shaving and the operation 
infeoion begins in these small wounds. 

Preliminary medication is avoided at much as possible, particularly 
morphine. The respiratory center is almost always embarrassed in cases 
of intraaanial tumor, especially in those of the posterior fossa. If 
ether is to be administered the intracranial tension will be still further 
increased and if now a respiratory depressant, such as morphine, is 
added respiratory paralysis may ensue. Narcotics are therefore avoided. 
If ether is to be given atropine may be used to lessen the secretion 
of mucus in the air-passages. 

The choice of an anesthetic must now be made. Undoubtedly local 
infiltration of the scalp with novocaine is theoretically the ideal method 
of anesthesia (334). The cranium, meninges, and brain are praaically 
insensitive except for the larger arterial trunks of the dura mater near 
the base. It suffices, therefore, to infiltrate the scalp along the line of 
incision with sometimes a little additiotui infiltration of the muscles. 
The peincipal disadvantage of local anesdissia arises from the length 
of the operation. The patient becomes very weary of lying in one posi- 
tion for a period of two, three, or even four hours, and usually becomes 
restless Just when the surgeon wishes to make some particularly delicate 
manipulation within the brain. When the patient begins to complain 
the surgeon has a tendency to hurry and it is an accepted principle of 
intracranial surgery that an intracranial operation should be done cau- 
tiously without regard for the time involved. Intracranial operations 
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T<»ne . R»<p. Pulsp -*rr_ Blood Pressure^' 1. 

FiO. 153. Anesthetbt’s durr of removal of a njeDiogioma- A— elevation of bone 
flap causes a sharp fall of bloodptessure which rises (B) when the surgeon in- 
terrupts the operation and waits for a few minutes. Removal of the tumor (C) 
causes another fall of the bloodprcssure which is raised temporarily (D) by an 
infusion of normal saline solution and permanently (E) by a transfusion of 
blood. The operation terminated at F. 

under Itxral anesthesia are also a terrific mental strain for most patients. 
If a secondary operation is necessary they beg to be put ro sleep. 

For the surgeon, general anesthesia is best. He feels much freer 
when the patient is asleep. The best general anesthetic is ether, espe- 
dally for children. It is administered by a machine through tubes placed 
through the nares into the nasopharynx. Some anesthetists prefer to 
use an intratracheal cannula; it should be avoided in children since it is 
apt to provoke a laryngeal edema which may necessitate a tracheotomy. . 
Ether may be given in this way for five, six, or even seven hours without 
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ill effects. The anesthetic is then in control of the anesthetist who can 
vary its depth at will. The anesthetist keeps a record (127) of the pulse- 
rate, respiratory rate, and of the systolic and diastolic bloodpressures, 
recording them every ten minutes or oftener if necessary, and warns the 
surgeon if alarming changes occur (Hg. 153). Colonic ether is not 
recommended because of the uncertainty of its absorption and of the 
impossibility of reversing the process once it is given. Some of the dis- 
advantages of ether the aanial surgeon does not worry about, for 
example postoperative pneumonia is very rare and pulmonary embolus 
almost unheard of. It does, however, increase the intracranial tension 
and the capillary bleeding. When the intracranial tension is great one 
chooses rather to operate under local anesthesia if the patient is able 
and willing to cooperate. A general anesthetic is also dangerous when 
the patient has arteriosclerosis or cerebral lues. 

LsKlf chcK has been s cendaetcy eo eperare wtVh vaaaas aaccocics. 
Avertin by rectum, combined with local infiltration of the scalp, has 
been much used (160). Usually some ether must be added. It has a 
tendency to lower the bloodpressure and, therefore, the intraaanial 
tension which may be advantageous in many situations. Usually, how- 
ever, in any serious intracranial operation there is a struggle to keep 
the bloodpressure up and it seems foolish to handicap oneself at the 
outset. Sodium pentothal, given intravenously, is free from this defect 
and can be regulated continuously; it is now much in favor (J76). Very 
satisfactory anesthesia can also be obtained with nitrous oxide given 
through a tracheal tube, but it is not recommended because of the 
frequency of cerebral anoxia (111). 

The position in which the patient is to be placed is also important. 
Undoubtedly again on theoretical grounds there would be a great ad- 
vantage to operate on all patients in the sitting position (334). In 
this way the intracranial pressure is reduced to a minimum and venous 
bleeding also. Both are great annoyances in intracranial surgery. But 
another annoyance which is much more serious is the tendency to syn- 
cope either from shock or hemorrha^. In this condition it is neces- 
sary to lower the head below the body. Operating-tables have been 
construaed which permit this but a satisfaaory method of draping 
which will not be completely disarranged by this maneuver has yet 
to be devised. One will therefore compromise and keep the patient’s 
head as high as possible, the actual position varying with the opera- 
tion (343 ) . 
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Spot involved and to remove as Uttle bone as possible. At the present 
time the necessity for a knowledge of such minute craniocerebral to- 
pography is obsolete. The surgeon makes a large osteoplastic crani* 
otomy. Since the bone is replaced there is every advantage in mak- 
ing the opening as large as possible. The surgeon soon learns to know 
in a general way the situation of the lateral and central fissures, and 
of the ventricles, and this knowledge is sufficient. 

The essential surgical approaches to the intracranial cavity ate 
few (Fig, 154). The supratentorial region is almost universally ap- 
proached by an osteoplastic procedure. This consists essentially of a 
horseshoe-shaped incision through the scalp, after which a series of 
holes arc bored through the cranium along the line of incision in 
the scalp. The bone is cut through between the holes with a twisted 
wire (Gigli saw) which is passed from one hole to another between 
the cranium and dura mater and then sawed outward. The bone across 
the neck of the horseshoe is broken, which makes a flap of the bone 
and its attached scalp, with the intact scalp across the neck of the 
horseshoe as a hinge. This osceoplasdc flap can be replaced and held 
in position by suturing the incision in the scalp. 

The position of the osteoplastic flap may vary with the region to 
be explored. Usually in the temporal region the base of the flap is 
downward, in the frontal region the base is lateral and in the occip- 
ital region it is forward. These positions are chosen because the tem- 
poral bone is thin and breaks easily. But if one wishes to saw through 
the neck of the boneflap it may be placed in the occipital region for 
an occipital flap and in the frontal region for a frontal flap. Theoreti- 
cally a better blood-supply would be secured through the occipital and 
supra-orbital arteries. Actually any area of the scalp is able to nourish 
a boneflap provided the neck be not narrower than five centimeters. 
One usually avoids the neighborhood of the venous sinuses which are 
liable to be torn when the bone is separated from the dura mater. 

In the suboccipital region one usually makes a cranieCTomy. A curved 
incision (Fig. 154) is made in the scalp extending from the tip of one 
mastoid process across and above the external occipiral proturberance to 
the tip of the opposite mastoid process. Tlw scalp is then stripped down- 
ward below the superior nuchal line and another incision made through 
the suboccipital muscles, parallel to and just below their insertion. The 
muscles are then stripped downward to the foramen magnum and the 
bone removed with a rongeur. Usually the curved incision suffices, if 
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the extremities are carried down far enough, but if later it is found 
necessary a midline incision through the Ugamentum nuchae may be 
made and extended downward to permit a laminectomy of the cervical 
vertebrae. A craniectomy may be made through the midline incision 
alone (205) but it is not usually advisable to do so because of lack of 
room for manipulation in the posterior fossa. A boneflap may also be 
turned down in the suboccipital region and is used to approach an 
acoustic neurinoma (38). 

Once the dura mater is exposed it is palpated. If too tense there is 
danger in opening it because the soft brain-tissue may protrude through 
the opening and the cortex rupture. Different methods are available 
for lowering the intracranial tension. First an attempt is made to punc- 
ture a ventricle. If successful it may be possible to remove sufficient 
fluid to reduce the tension. It may be advisable to puncture the ven- 
tricle early in the operation if the bleeding is excessive or respiratory 
difficulties occur. This is particularly net^sary in suboccipital operations 
where it is also usually easy because of the hydrocephalus. The ventri- 
cles may of course always be punctured through a trephine-opening. 
Fluid may be removed also through a lumbar puncture but this method 
is inconvenient and dangerous. If the ventricle cannot be rapped it is 
better to inject intravenously a hypertonic solution (504). And a 15 
percent solution of sodium chloride (75 ccm.) should be chosen because 
in these circumstances one wishes a rapid and brutal effea. Within fif- 
teen minutes the tension will be sufficiently reduced so that the dura 
mater may be safely opened, care being taken not to injure the pia! 
bloodvessels beneath. 

The exposed brain is inspected and palpated. Any change in color, 
contour, vascularity, or consistency is carefully noted. It is at this point 
that it & absolutely necessary to have an intimate knowledge of the 
structure, both normal and morbid, of the brain. Anybody can open 
a head, for better or for worse, but only a neurologist can interpret what 
he finds, except in the most obvious circumstances. And even the neu- 
rologist needs experience at the operaring-table, for it is necessary to 
know the living brain. When the tumor is not visible on the surface 
the deeper regions must be explored. One may at times feel with the 
finger an increased resistance over the tumor or, in case it is cystic, a 
softer consistency. If further information is desired a blunt hollow 
needle is insert«l into the brain in various directions and one judges 
by the resistance of the condition of the underlying structures. In this 
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way a qrst may be found and identified by the yellow dotting fluid 
which it usually contains. If one is still not satisfied an indsion may be 
made in the brain and extended to the depth desired. Here again a 
knowledge of the structure of the brain is absolutely essential in order 
not to cause serious defeas. The general surgeon is handicapped not 
only by a lack of knowledge but also by lack of respect for the brain- 
tissue. To the neurologist each cell and fiber is sacred. With full knowl- 
edge of the disastrous effects which may result from his actions, he han- 
dles the brain tenderly and with infinite precaution. 

The tumor once located it may be dealt with in many vfays, and 
the procedure varies with each type of Utmor. The meningeal tumor 
over the vertex is the simplest to remove. It is attached to the dura 
mater, so that portion which is attached is carefully encircled and left 
adherent to the tumor. One then makes an incision in the pia-arachnoid 
surrounding the tumor, ligating all the plal arteries and veins which 
enter. The brain-tissue is now pushed away gradually from the sur- 
face of the growth. Usually the tension of the brain and the arterial 
pulsation aid in extruding the tumor from its bed; the process may 
be assisted by passing a few ligatures through the tumor and pulling 
gently with them. Since the meningeal tumor pushes the brain aside 
without invading it, the cavity which it leaves when removed is rap- 
idly filled by the expanding brain. The defect in the dura mater need 
not be closed; a new mesothehal covering is rapidly formed. 

This method of encircling a meningeal rumor and shelling it out 
of its bed often meets with difficulties. These tumors grow commonly 
along the great venous sinuses of the dura mater and the attempt to 
free them causes profuse venous bleeding from the sinuses, lacunae, 
and cerebral veins. In some cases the sinus can be ligated, but this 
is not easy because the dural sinuses ate held open by the rigid dural 
septa. Moreover one dare not ligate the superior longitudinal sinus 
behind the entrance of the central veins for fear of a paraplegia and 
one must also avoid the central veins themselves (267). When a mem- 
ingioma occurs over the base of the skull it may prove impossible to 
get around it for lack of room. Such a tumor must be removed piece- 
meal with a curette or better with an electrosurgical loop (734). The 
interior of the tumor is removed in this way; the capsule can then be 
dlsseaed away from the brain. 

The pituitary adenoma is approached under either frontal lobe, 
preferably the right in most cases, after a frontal or frontotemporal 
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Fig. 155. Variations of the incision for tumor of the hypophysis. The incision 
in the bone is represented by the intemipted Ibes. A — the dassical approach; 
B, C, D — viiiatiODS. 


boaeBap {255) has ibeefl made {Fig> 155). The c^ttspbenoidal ap- 
proach is now practically obsolete. One may go inside or outside the 
dura mater. The latter procedure, which is usually preferred, necessi- 
tates an incision in the dura mater along the sphenoidal ridge (207). 
The temporal intradural route to the chiasm should not be used ex- 
cept when the frontal extradural approach is impossible, because of 
the serious sequels which so often follow (see case iv, p. 90). The 
adenoma may be removed with a dull curette since it is usually quite 
soft. Sometimes it may even be sudeed out. It is not advisable to make 
a radical removal. If one is unfortunate enough to remove the rem- 
nants of normal hypophysis, or to remove too much of an eosinophilic 
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adenoma, a hypopitnitary syndrome may be precipimted for which at 
present we have no remedy. It suffices to remove as much as comes 
away readily so as to relieve the pressure on the optic chiasm. It should 
not be forgotten that branches of the circulus aneriosus, even the in* 
ternal carotid arteries, may traverse the tumor. 

The craniopharyngioma is approached in the same way as the 
adenoma or through a dilated lateral ventricle. Since it is often cystic 
the evacuation of the cyst umncdktcly reduces the tensioa. The wall of 
the cyst is not firmly attached to the brain except at its base and may 
sometimes be pulled out between the legs of the optic chiasm and re* 
moved. One should never be content with evacuating the cyst. If a 
considerable portion of the wall is not removed the cyst will refil. After 
evacuation and removal of the thin wall the solid portion of the tumor 
is curetted away. Again a too vigorous curettage of the sella may be 
followed by severe hypopituitary symptoms. 

An acoustic neurinoma is disclosed by retraction or amputation of 
a part of one cerebellar hemisphem or by transection of the lateral 
sinus and tentorium after elevation of the occipital Jobe (S8). The 
capsule of the tumor b then incised and the interior is removed with 
a curette. Thb b easy in those which have undergone extensive fatty 
degeneration. If the cumoc b too bloody an electric loop must be used 
In favorable cases the capsule may then be dbsected away and removed, 
but it b often so firmly bound to the surrounding structures as to make 
thb hazardous. When the capsule b removed the facial nerve may be 
removed with it and occasionally ocher nerves. 

A pineal tumor b approached through a dilated lateral ventricle or 
between the cerebral hembpheres by uanseciing the splenium of the 
corpus callosum (149). A small tumor may then possibly be shelled 
out, but the successful removal of a tumor from thb difficultly acces* 
sible situation, surrounded as it b by great venous sinuses, will always 
be largely a matter of luck. The chordoma b even more inacressible. 

In all the foregoing cases the problem is relatively simple and 
the operative procedure praaically stereotyped. The gliomas present 
more complicated problems, and the methods of different surgeons, 
even of those who operate routinely on such tumors, vary greatly. It 
b in dealing with these tumors that the individuality of the surgeon 
and hb knowledge of the structure of the brain and the behavior of 
its tumors b most apparent. I can do no more than to give my own 
present attitude toward thb difficult problem. Gliomas infiltrate the 
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surrounding tissue; they are never encapsulated although sometimes 
fairly sharply circumscribed. It is then theoretically proper to remove 
them by cutting widely into the surrounding brain. But one cannot do 
this with impunity. It is always necessary to weigh the result for the 
patient. I am not one of those who would remove half of the brain 
without regard to the fact that I might leave the patient without his 
intellea or the means of making it effective. 

The operative procedure will vary also with the type of glioma. 
When one is disclosed I make an immediate biopsy. If the tumor proves 
m be a medulloblastoma I am content to make a decompression, re- 
moving only enough to relieve the circulation of cerebrospinal fluid. 
Attempt to remove it completely is dangerous and futile. I have ne\'er 
known one to be successfully extirpated and I have witnessed nu- 
merous attempts by a master-surgeon. The tumor inevitably recurs in 
a few months. Just as long an interval of freedom from symptoms may 
be secured by decompcession alone followed by roentgen-radiation. An 
astrocytoma I always attempt to remove. This is particularly easy when 
it is cystic The evacuation of the cyst gives room for the manipula- 
tions necessary for the removal of the mural tumor. If it is successfully 
removed, cutting widely into the surrounding nontumorous tissue when- 
ever possible, the patient will be permanently cured. If the mural tumor 
cannot be removed the cyst will sooner or later refill. 

Any other type of glioma I attempt to remove only if it occupies 
the tip of an occipital lobe, of the right temporal lobe, or either 
frontal lobe. In all cases an amputation of the lobe is made, cutting 
widely into the normal tissue. And I hesitate before amputating a 
frontal lobe. This procedure is always followed by more or Jess altera- 
tion in charaaer and defea of judgment (.241)- In a washerwoman 
these resuics may be of iiffJe concern bar when the patient is a profes- 
sional or businessman, who must make decisions affecring many other 
people, these results may be disastrous. And how often is even the ampu- 
tation of a lobe rendered ineffectual by the extension of the tumor 
into the deeper structures or through the corpus callosum into the oppo- 
site hemisphere (539). I have never known a glioblastoma muldforme 
to be permanently cured even by removal of the greater part of a 
hemisphere. 

If I could be sure of my diagnosis I would rarely operate on a 
glioblastoma multiforme. Unfortunately, unless aneriography proves 
m be adequate, one can never be certain. I have had the experience 
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of telling the husband that his ^fe had a malignant glioma because 
of the rapid <»urse with repeated cerebral insults; at operation I found 
an easily removable meningeal tumor. Such experiences as these make 
one almost always explore. But when, as so often happens, one’s worst 
fears are confirmed, a dilemma is presented which must be faced boldly. 
Gliomas which there is small chance to remove I like to interfere wiA 
as little as possible. Many gliomas seem to grow much faster after 
operative interference. This is especkiliy true of the protoplasmic astro- 
cytoma and the oligodendroglioma. It may be that these tumors gave 
symptoms of increased intracranial tetision because they had already 
begun to undergo malignant transformation. At any rate it is a faa 
observed by many that symptoms of pressure may recur rapidly after 
operation for an indolent type of glioma with a long clinical history; 
at a secondary operation the histological type is radically changed 
In such cases I am content to make a subtemporal decompres- 
sion and replace the boneflap ( 120 ) . 

But sometimes when the intracraiual tension has been great and 
it has been necessary to give intravenous hypertonic solutions in order 
to open the dura mater safely one is no longer able to replace the 
boneflap, even after a decompression. Removal of the bone will enable 
the scalp to be resutured over the exposed brain but I hesitate to do 
this because an unsightly hernia is sure to develop and the wound 
may even separate with the formation of a fungus cerebri. In order 
to replace the boneflap I have not hesiuced to remove not only as 
much as possible of the rumor but also extensive sectfons of the nor- 
mal brain, particularly of the occipital, frontal, or right temporal lobes, 
even of the right parietal region. One makes, in this way, a sort of 
internal decompression, thus giving the boneflap time to grow firmly 
into place before the intracranial tension again becomes high. 

As diagnostic procedures have been perfected the old decompressive 
operation, by removal of bone under the temporal muscle (119), de- 
signed only to relieve tension, has become almost obsolete. Almost al- 
ways an attempt is made to remove the tumor through an osteoplastic 
opening, and the exploration is transformed into a decompression only 
if the tumor proves to be inoperable. 

In operating for intracranial tumor there are principally three com- 
plications to be feared — hemorrhage, shock, and respiratory paralysis. 

Hemorrhage begins from the moment the first incision is made 
and continues often even after the last suture is tied. The utmost pre- 
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caution must be taken to insure complete hemostasis throughout the 
operation (138). An oo 2 ing whidi would be of no importance in 
an operation lasting hfteen minutes becomes dangerous during an 
operation of three hours. The bleeding from the scalp may largely be 
checked by pressing the scalp firmly against the cranium along the 
line of the incision; since the bloodvessels run in the subcutaneous 
tissue they will be occluded. Hie pressure is exerted before the 
incision is made and released only after the vessels have been secured. 
In this way little blood is lost from the scalp. The hemostats are not 
placed on the vessels direaly but along the edge of the galea so that 
when they are refleaed the galea is curled over the edge of the scalp 
and all the vessels effectually occluded. The diploic and emissary ves- 
sels of the cranium axe stopped by pressing wax (Horsley’s) into them. 
The venous bleeding from the surface of the dura mater is very diffi- 
cult to stop. Some of the vessels may be thrombosed by pressing 
upon them a large pad of cotton wet with salt-solution at 39.5“ to 42“ 
but the most effective method is to press upon the bleeding spot a frag- 
ment of muscle. The hemostatic properties of muscular tissue, known 
to the ancient Egyptians, make ic invaluable in intracranial surgery. 
Small pieces may be obtained from the temporal or suboccipital mus- 
cles, but larger masses are often employed from the patient’s gastrocne- 
mius muscle or from another patient in an adjoining room who is 
having an amputation of a leg, breast, or other part which contains an 
ample supply of muscle. Lately better hemostatic agents have been dis- 
covered. Fibrin foam (18) is difficult to obtain in peace-time but gela- 
tin may be used as a vehicle for the hemostatic principle (318) . 

'The bloodvessels in the pia mater and brain have such delicate 
walls, except for the larger arteries, that it is almost impossible to oc- 
clude them with a hemostat and ligate them. The vessel is almost always 
torn in the attempt. Smaller veins and capillaries may be induced to 
thrombose by irrigation with hot physiological salt-solution or by 
packing with cotton wet in the same solution. Larger veins may be 
thrombosed by holding on them a bit of muscle, but when they are 
numerous it is better to use small V-shaped bits of silver which are 
clamped and left in place (138). Arteries are controlled with the 
same silver clips. Lately there has been a tendency to check the venous 
bleeding by charring the vessel and surrounding tissue with an electric 
current. This method is not advisable. It kills tissue, delays healing and 
increases the liability to infection. There is a severe meningeal reaaion 
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to the absorption of dead material which does not always remain sterile. 
Especially near the brainstem the use of the elearic cautery is hazardous 
(313). As the charred tissue is absorbed severe secondary hemorrhage 
sometimes occurs. The delicacy of the cerebral tissue makes it inadvis- 
able to keep the operative field free of blood by the usual method of 
sponging with gauze. Irrigation with warm saline solution not only 
keeps the field clean but tends to check bleeding. The excess which does 
not run away is removed with a suaion-apparatus. Sponging may be 
done gently with soft pledgets of cotton wet with saline solution. 

If these methods do not sulHce and enough blood is lost so that 
the bloodpressure falls off alarmingly it may be raised again by an 
infusion of physiological salt-solution. It is best given by inserting a 
cannula into a superficial vein hear the ankle; the fiow of salt-solution 
from a container may be regulated at will. The effect can be prolonged 
by using a solution of acacia (2) bur I prefer to make a transfusion 
of blood if necessary. The blood is obtained from a suitably matched 
donor, citrated and poured into the same container from which the 
salt-solution was given. I have administered in this way during the re- 
moval of a hemangiomatous meningeal tumor more than 1500 ccra. 
of blood without any reaction. Filters for the blood have been recently 
perfected (360). 

At times during an intracranial operation the bloodpressure drops 
suddenly, the pulse becomes rapid and feeble, the respirations shal- 
low, and the skin cold and clammy. These evidences of shock follow 
commonly a sudden smart bleeding, the breaking up of a boneflap or 
the shelling out of a large tumor (cf. Fig. 153). If the bleeding is 
arrested, the head of the tabic should be immediately lowered and 
all mampuiauons suspended. Within ten or fifteen minutes, if there has 
not been too severe a hemorrhage or if the shock has been due to other 
cause, the bloodpressure will rise and the operation may proceed. The 
surgeon learns to judge when enough blood has been lost to necessi- 
tate a transfusion and when the symptoms are due to other ouses. 

Respiratory paralysis is usually due to pressure upon the central 
respiratory mechanism in the bulb. ‘ITiis pressure must be relieved. 
Sometimes it suffices to puncwre the lateral ventricle. When this is 
not possible and the tumor is supratentorial an intravenous injection 
of hypertonic saline solution may improve the condition. When the 
tumor is in the posterior fossa and the tension is not reduced by punc- 
ture of the lateral ventricle it is necessary to open the subocdpital 
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region as rapidly as possible and empty die posterior cistern. In some 
cases a laminectomy of the first and second cervical vertebrae must 
be made. If respiration ceases in the meantime artificial respiration 
is resorted to while the above mentioned measures are being carried 
out. 

When all manipulation within the dural cavity has been completed 
and all bleeding carefully checked it is customary to close the dura 
mater over the cerebrum except where it is desired to leave a decom- 
pression. Over the cerebellum the dura mater is usually left open. I 
believe, however, that when an astrocytoma has been removed and 
no recurrence of the tumor is expeaed it is best to close carefully the 
dura mater. In this way perhaps one may avoid the formation of sub- 
arachnoid cysts in this region which sometimes are more difficult to 
eradicate than the original tumor. Over the cerebrum the external sur- 
face of the dura mater and the internal surface of the boneflap must 
be cautiously scrutinized and all venous oozing stopped. The bone- 
flap is then replaced and the closure of the wound is ready to begin. 
No drains are inserted, except under extraordinary circumstances. 

Careful closure of a wound which has opened the subarachnoid 
space is very important, otherwise a fistula of cerebrospinal fluid readily 
forms along which infeaion enters the meninges. TTiis was formerly 
one of the most dreaded of the complications of intracranial surgery. 
The muscles may be closed with catgut but the subcutaneous tissue and 
skin must be approximated as exactly as possible with numerous in- 
terrupted sutures of fine silk. A separate layer of sutures must be 
placed in the galea aponeurotica. If the wound is not perfealy and 
firmly closed, and any tension is exerted subsequently from within, it 
may separate and a distressing fungus cerebri form. 

The patient should not be put to bed until the bloodpressure and 
respiration are satisfactory. If there is any doubt he is left lying on 
the operating table until completely rerovered from the anesthetic. 
This is especially important after operations in the posterior fossa. 
Such patients sometimes cease breathing abruptly when transferred to 
bed. The patient should always be put to bed in an almost sitting pos- 
ture and every attempt should be made to improve his condition so 
that this posture is possible. It is the most important beginning of 
his postoperative care. The formation of an intracranial blood-clot 
from continued venous bleeding is the most feared postoperative com- 
plication at the present time. Since the intracranial venous pressure 
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is at a minimum when the patient is in an upright posidon he should 
be left for the 6rst two or three days as nearly as possible in this posi- 
don- In this way the danger of postoperative bleeding is greatly re- 
duced. Such a blood-clot may form within the dura mater but is usu- 
ally situated between the dura mater and the bone. The symptoms 
produced are those of acutely increasing intracranial tension and the 
patient becomes stuporous and finally comatose, the pulserate is slow, 
the bloodpressure rises, the respiradon slows, and finally periods 
of apnea occur (126). The pupil on the side of the hemorrhage is 
dilated (395). Sometimes there is no change in the bloodpressure and, 
if ether has been given, the patient may never recover consciousness. 
Since the effect on pulse, bloodpressure, and pupil may be transitory, 
a nurse is always in constant attendance on a padent for two days 
following a craniotomy. She records the pulserate, bloodpressure, and 
pupillary diameters every half hour 'during the day and every hour at 
night. Another sign of increasing intracranial tension, especially if 
there is a clot between the dura mater and the cranium, is elevation 
of the boneflap. If the bleeding is within, the dura mater prevents 
much pressure on the bonefiap. 

Similar symptoms may sometimes be produced by acute cerebral 
edema following removal of a tumor. If suspeaed an intravenous in- 
jecdon of a hypertonic solution of glucose may improve the condition 
of the padent. In case of doubt it is always advisable to reopen the 
wound. 

Another dreaded poscoperadve complication is hyperthermia, which 
develops usually after operations around the brainstem, from the hypo- 
thalamus backward. The temperature rises acutely, perspiradon ceases, 
the pulse is usually rapid, and consciousness arrested. The patient’s 
clothes should be completely removed and constant sponging with al- 
cohol or iced water resorted to. If the rise of temperature does not 
cease ice-packs should be used. Even this heroic measure is sometimes 
of no avauV rite temperarure condhaes to rise and dsatft soorr oatcry. 
The temperature should be carefully watched and as soon as there 
is a definite trend downward less strenuous measures should be sub- 
stituted because afterward the temperature may fall to a very subnormal 
level and necessitate the applicadon of heat. 

Respiratory difficulties continue sometimes after extensive opera- 
tions in the posterior fossa. The padent should be kept with the face 
down as much as possible and the posidon of the neck changed as 
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little as possible. Artificial respiration may be necessary. Improvement 
may follow pimcture of the lateral cerebral ventricle. 

Infection is rare in intracranial surgery. If one occurs we are now 
much better prepared with remedies (382) . 

Other less common and dangerous complications are mental abet* 
rations, headache, vomiting and difficulty of swallowing. They will be 
treated as reason counsels. Vomiting is particularly annoying because 
it increases intracranial tension and may start bleeding. 

The cutaneous sutures are removed in forty-eight hours, earlier over 
exposed parts such as the forehead. This helps to prevent infections 
which are exceedingly rare in cranial surety. If a fistula of cerebrospinal 
fluid develops, packs wet with 70 percent alcohol are kept over the 
opening and it is closed as soon as possible. Drains are never used 
except in the rare case in which it has pmved impossible to check the 
venous oozing. In my experience they drain cerebrospinal fluid but 
rarely blood. 

A better conccpdon of the problems which arise posroperadvely 
may be obtained from the study of a few concrete examples. The mat- 
ter is of sufficient importance to justify the time. I have had a surgeon 
tell me with a surprised expression on his face that he made his ventri- 
culogram according to all the rules and the padent seemed all right 
that evening but when he returned to the hospital in the morning 
the padent was dead! 

The first patient (CASE Lxv) is a young man of twenty-seven who 
was operated on for cerebral tumor. A large ragged cavity was found 
in a tumor which occupied the greater part of the left parietal region. 
In its wall there was tumor everywhere. A subtemporal decompres- 
sion was made. The wound was dry. There was left a large cavity 
caused by evacuadon of the cyst. At the end of the operation the 
bloodpressute was 100/42 and he seemed to be in very good condi- 
don. Because of the lowered intracranial tension and lack of bleed- 
ing he was placed flat in bed. At 8:00 A.M. the following morning 
his temperature was 39-2‘’ and the pulserate 108. His bloodpressure 
was 124/64. There was a wmplete right heraiparesis. He was quiet 
all that day and his condition dianged little except that his tempera- 
ture gradually subsided. The following day he seemed better, answered 
when spoken to but with evident dysarthria. At 8;00 a-m. of the third 
day his temperature was 37*, pulserate 64, and bloodpressure 104/60. 
He slept most of the time and ate well. At 8:00 a.m. of the fourth 
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day temperature was 37.6“, pulserate 72, and bloodpressure 100/64. 
He seemed very well. During the fifth day his condition was unchanged 
but during the sixth day he became stuporous and his pulserate varied 
from 56 to 100. We had by this time ceased to take his bloodpres- 
sure. The decompression, however, was not bulging and the boneflap 
was firmly in place. At 8:00 a.m. of the seventh day his tempera- 
ture was 39.6“, the pulserate 134. He was comatose and breathing 
stertofously. The boneflap was elevated and the decompression tense. 
Over 100 ccm. of mixed blood and cerebrospinal fluid were aspirated 
with a lumbar-puncture needle through a trephine-opening. This did 
not improve his condition. His temperanire remained from 39.2“ to 
40.5“, the pulserate around 150, and he never regained conscious- 
ness. Symptoms of pneumonia developed. He died on the morning of 
the tenth day. Necropsy disclosed a large ragged cavityf 5x5 cm. 
in diameter, in a glioma of the left parietal region. It was filled with 
bloody fluid. Between the dura mater and the cranium was a small 
amount of clotted blood. There was also a bilateral suppurative bron- 
chitis with pulmonary edema and bronchopneumonia. 

There must have been some continued bleeding into the cystic cav- 
ity but this is not enough to account for the condition. The material 
evacuated was mostly cerebrospinal fluid. It is probable that the ven- 
tricle had been opened by the collapse of the brain and this had been 
blocked suddenly by blood-clot or debris. We were warned of the 
seriousness of his condition by the stupor and the irregularity of his 
pulse and should have watch^ him more closely. After the puncture 
he could no longer adjust his neural apparatus and probably was al- 
ready developing a bronchopneumonia. 

The mere collapse of the brain following evacuation of a large 
cyst is sometimes enough to precipitate grave symptoms. A woman 
(CASE xxvi) of forty-five was operated on for a frontal tumor and 
an enormous cyst evacuated from the right frontal lobe. There was 
obviously gboma in the of the cavity but we made no attempt 
to remove it, except a small fragment for verification. She did not 
recover consciousness for three days. The temperature was kept imder 
40“ by sponging; the pulserate was 120-140. The bloodpressure rose 
from 129/100 to 168/100. But knowing that there was no bleeding 
when the wound was closed and because there was no elevation of 
the boneflap we did not open the wound. She had been constantly in 
the sitting posture. Finally on the thirf day the temperature and pulse- 
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rate slowly descended, the bloodpressure subsided to 130/96 and 
she recovered consciousness. 

It is well to remember that these things may happen when a large 
cavity in the brain has been evacuated. A police-officer (case lxvi) 
who had epilepsy following a fall from a motorcycle was found to 
have a large subarachnoidal cavity in the left frontal region. An osteo- 
plastic operation was performed with local anesthesia. The cystic cav- 
ity was enormous. Jr was evacuated and adhesions were loosened which 
opened it into the surrounding subarachnoidal spaces. During the op- 
eration the patient had an epileptic attack and slept soundly after- 
ward. His pulse and bloodpressure had changed not at all and there 
was no bleeding. However, he never regained consciousness. His tem- 
perature steadily rose until on the morning of the third day he died 
with a temperature of 40.5*. His pulserate was very irregular. At 
one moment it would beat at a rate of 45, full and bounding; an in- 
stant later the rate would be 130-140 and feeble. An electrocardio- 
gram showed that in the slow periods there were many cycles without 
evidence of auricular aaivity, others with a P-R interval of 0.10 to 0.14 
sec and still others showing retrograde waves. This effea was prob- 
ably due CO central stimulation of the vagus since It disappeared after 
administration of atropine. The heart then beat at a regdar rate of 
128 per minute, P-R interval 0.12 sec, sinus rhythm and QRS complex 
0.06 sec. During all this time the boneflap was firmly in place although 
the bloodpressure rose steadily from 112/72 to 150/68 on the morn- 
ing of the second day. Necropsy showed that there had been no intra- 
cranial bleeding. The symptoms W'cre probably due to collapse of the 
• brain and acute disturbance of the central mechanisms of the hypo- 
thalamic region. 

Symptoms due to acute disturbance of the hypothalamic region often 
follow operations for tumor of the third ventricle. A young man (case 
XLV iii) of twenty-two with obesity, polyuria, genital dystrophy, and 
other symptoms due to a calcified tumor in the suprasellar region -was 
operated on for a supposed suprasellar cyst but a solid tumor was 
found which could not be removed. Only a fragment was removed 
for verification and there was no bleeding. But the patient did not 
regsin consciousness. The temperature rose to 39* by 3 P.AL of the 
day of operation. With sponging the temperature was maintained con- 
. stant but the pulserate began to fall. It was 128 at 7:00 p.m., 112 at 
8:00 P.M., 92 at 9:00 p.m., and 72 at 11:00 P.M. Meanwhile the blood- 
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pressure rose. It was 132 at 7:00 p.m. and by 11:00 p.m. it was 160. At 
2:00 A.M. the pulserate was 88 and the bloodpressure 186. The bone- 
flap was in place. The lateral cerebral ventricle was punctured. Color- 
less fluid was obtained under no pressure, but from that time the blood- 
pressure dropped irregularly to 112-118, the pulserate rose to 150-160 
and the temperature to 40.5**. In tha condition he died at noon on 
the day following operation. During all this time there was absolutely 
no sweating; the face was flushed but the body was pale. He seemed 
to be sleeping peacefully most of the time but had occasional periods 
of hyperpnea and occasionally twirching of the left arm. The tempera- 
ture was not affected even by packing in ice. 

It is obvious from the foregoing examples that the classical dis- 
sociation of pulse and bloodpressure must be interpreted in the light 
of the other symptoms and is not pathognomonic of increased intra- 
cranial tension. I am not sorry that I cannot show you an example of 
postoperative intracranial hemorrhage. Since I am careful of hemosta- 
sis and put my patients to bed sitting up I have had only one such 
complication in three years, and that followed the use of the electric 
scalpel. I can, however, show you an e::ample of postoperative edemx 

This man (case lxviii) of forty-eight years had a metastatic car- 
cinomatous nodule about 4 cm. in diameter in the right central region 
removed. There were no symptoms of intracranial hypertension before 
operation and only slight weakness of the left arm and face. The oper- 
ation was made with local anesthesia. There was praaically no bleed- 
ing. He returned to his room with pulserate of 120, bloodpressure 
120. The left arm was completely paralyzed, but he was consdous. 
The next morning he complained of pain in the head. The pulserate 
was 100 and the bloodpressure had risen to 148. His temperature was 
38.4”, At 7:30 p.m. the temperature was still 38.4”, the pulserate 
118, and the bloodpressure 122. Because he had been unable to swal- 
low without choking a hypodermodysis was ordered. By midnight the 
pulserate was 84 and the bloodpressure had risen to 164. He was 
very restless and complained of pain in the head. In the morning he 
was better again with -a pulserate of 100, bloodpressure 148, and tem- 
perature 38.4”. During this first day he was again unable to swallow 
fluids so towards evening another hyperdermoclysis was given. By mid- 
night he was semi-comatose, the pukerate dropped to 64, and the 
bloodpressure rose to 164. He then gradually improved and by 8 A.M. 
of the second postoperative day the temperature was 38.4”, the pulse- 
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rate 88, and the bloodpressure 150. He remained, however, stuporous, 
yawned continuously, and complained of violent pain in the head. The 
conditions varied little during this day. At 8:00 P.M. the dressing 
was changed. The decompression was only slightly tense and the bone- 
flap was only slightly elevated. We had remarked that any attempt to 
give him fluids made him much worse. At 9:00 p.m., 50 ccm. of 50 
percent glucose were given intravenously. His condition improved in 
a short time. The following morning he was much better, temperature 
37.5°, pulserate 90, and bloodpressure 130. From that time his fluids 
were restricted and he improved rapidly. His pulserate still varied 
markedly from 50 to 100 but the bloodpressure never rose again and 
he did not again fall into a stupor. We were aided in this case in 
properly interpreting the symptoms by the observation that administra- 
tion of fluids increased the symptoms and by the knowledge that car- 
cinomatous metastases are apt to cause massive edema of the cere- 
brum. 

These examples will suffice to show that the problems of intra- 
cranial surgery do not cease when the patient is put back to bed. Con- 
stant vigilance is necessary for several days, demanding a trained nurse 
in constant attendance. 

The immediate postoperative period over, we are confronted with 
the care of those patients whose tumors have not been removed or 
only partially removed. What can be done for them? There is no medi- 
cal treatment except for the relief of symptoms, such as headache, with 
various analgesic drugs. Intracranial hypertension may be reduced by 
administration of magnesium sulphate by mouth but the effea is quite 
transitory and it is useful only as a temporizing measure while an opera- 
tion is in preparation. The only hope is in radiiun and roentgen-radia- 
tions. Their effect on some intracranial tumors is startling but they 
should rarely be used before operation. I advise their preoperative use 
only in cases of pituitary adenoma and intracranial angioma and then 
only with infinite precaution. Acute cerebral edema may follow radia- 
tion and cause death unless a decompression has previously been made. 
Since a pathological diagnosis is not always possible before operation 
much time may be lost in radiating a type of tumor which is not im- 
proved by such treatment. Moreover the use of radium (4l2) is not 
advised. It cannot be controlled as well as the roentgen-rays, is more 
difficult to apply, and more expensive. Roentgen-radiation is just as ef- 
feaive as radium (52 ) . 
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Radiation therefore, except in rare Instances, Is a part of the postop 
erative treatment of intracranial tumors. It is most effective in certdi 
types of glioma, notably the medulloblastoma. Glioblastoma multiform* 
is often sensitive to radiation but severe hemorrhages into the tumo: 
are apt to occur. The other types of glioma are less certainly affeaet 
by this treatment but I radiate them all (with the exception of th< 
hbriJIary astrocytomas) because it is the only hope and perhaps on« 
may discourage in this way the tendency of some of them ro incteast 
in malignancy. The intensiq? and persistency of radiation varies in ever] 
case and no general rules can be made at present In ray experience the 
meningiomas, neurinomas, and aaniopharyngiomas are not affeaed bj 
the roemgen-rays. Pituitary adenomas and angiomas are often verj 
much improved by this treatment. The physician should nor forget that 
excessive radiation may result later in degenerative changes of the crary 
turn (97) or brain (361,479). 

When the symptoms recur the question of a secondary operation 
arises. Again no general rules can be made except in the case of an 
astrocytoma. It should always be reoperated on because a recurrence 
almost always means that Ae entire tumor was not removed at the 
first operation and that the cyst has refilled. Often at a second opera* 
tion the position of the tumor has shifted so that it is more accessible. 

With operations conducted in the manner I have described what 
are the results? We will take statistics recently published (182) and 
analyTe them, realizing that statistics need always to be interpreted. 
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In explanation of this table it should be stated that a tumor is 
classified as verified when it has been examined mictoscopicaliy, either 
after operation or necropsy, and as unverified when it has not been 
examined microscopically but the surgeon feels sure from seeing or 
feeling or otherwise that a tumor actually exists. A death Is called 
postoperative when it occurs in the hospital before discharge of the 
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patient no 'matter how long after the operation. The mortality of the 
patients exceeds the operative mortality because many patients have 
more than one operation. 

It is obvious that this particular table means little. To have mean- 
ing statistics must deal with comparable units. This table includes all 
sorts of intracranial tumors. The operations moreover are not all rom- 
parable, but vary from a simple craniectomy, through evacuation of 
cysts, to partial and sometimes complete removal of tumors. The only 
common factor in these statistics is the fact that the cranium was opened 
and they prove admirably that craniotomies in the presence of intra- 
cranial tumors may be made with a mortality not much greater than 
10 percent. 
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"We will take now more detailed statistics from the same source 
(cf. table above). The same aiticism may be made covering the opera- 
tive procedure. But the following table shows dearly the influence on 
the mortality of the type of tumor present. And even these statistics are 
not suffidently detailed We have already learned how heterogeneous is 
the group of gliomas and that they cannot satisfaaorily be treated as a 
whole. To take as an example the gliomas of the cerebellum in children, 
of the two prindpal varieties the medulloblastoma will have a very high 
mortality, around 30-35 percenr, whereas the mortality for astrocytoma 
will be certainly below 10 percent. The statistics of mortality prove 
again, what I have always maintained, that intracranial tumors cannot 
be profitably discussed as a whole. 

The mortality-rate of a surgeon may be a measure of his increasing 
knowledge and experience, but it may also indicate his timidity or his 
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temerity. One surgeon who never does more than a decompression in 
the presence of a glioma (430) will necessarily have a much lower 
mortality than another who attempts to remove the entire hemisphere 
containing the tumor (150). The accuracy of preoperative diagnosis 
has also a great influence on the mortality. The stage of the disease at 
which operation is performed and many other conditions also have 
their influence. 

And these statistics give us no information concerning the outcome 
of operation on those patients who survive. How many patients were 
returned to society as self-supporting economic units and for how long? 
And in how many cases was the tumor extirpated and the patient per- 
manently cured? And if permanently with what defects? Concerning 
these matters few reports are available (93, 480). ]Fe must study each 
type of tumor separately to satisfy ourselves concerning these questions. 

We will begin with a relatively simple and uniform type of tumor, 
the acoustic neurinoma. After a long series of disastrous attempts radi- 
cally to extirpate this tumor, which almost invariably comes to the sur- 
geon at an advanced stage of its development, the method of intracapsu- 
lar enucleation was adopted (122). The capsule is split and the interior 
of the tumor removed with a curette or electric loop until the capsule 
can be collapsed. Adminedly incomplete, this method gives relief with 
a minimum of risk. The immediate mortality is 11-12 percent. The 
symptoms of intracranial hypertension are relieved for a variable period 
up to five or six years. When they recur a similar procedure may be 
repeated. An attempt to remove the capsule of the tumor increases 
the mortality from hemorrhage or other complications and the morbid- 
ity from damage to nervous structures in the neighborhood, yet com- 
plete extirpations are being made more frequently (278, 364). Few 
patients are able afterwards to work. 

A somewhat similar procedure is adopted for pituitary adenomas. 
The immediate operative mortality is from 6 to 10 percent. Although* 
only a partial extirpation is made, roentgen-radiation effectively holds 
the remaining remnant in check so that the patient's eyesight is saved. 
Even severely damaged vision may be largely regained. 'The greatest 
remaining defect is the hypopituitary syndrome which seriously affects 
the patient's efficiency and against which we have at present no remedy. 
Most of these patients tt>ntinue to work at lower efficiency. 

The craniopharyngioma is not so favorable for treatment. 'The im- 
mediate mortality will always be great from acute nervous symptoms 
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produced by collapse of the hypothalamic and thalamic regions of the 
brain. Perhaps a mortality of 20-25 percent is the best that can be 
hoped for ac present (477). This tumor is rarely completely removed. 
Evacuation of the cyst is not sufficient, but removal of as much as pos- 
sible of the wall of the cyst is necessary to prevent the cyst from reform- 
ing. Too radical removal of the intrasellar portion of the tumor must 
be avoided because a severe hypopituitary cachexia may follow. Dia- 
betes insipidus is a common sequel of operations on these tumors. 
Most of the patients are children and I know of no study of the end- 
results in these cases. 

The meningiomas are the most favorable of all intracranial tumors 
for operative treatment. They can usually be removed completely al- 
though sometimes portions must be left along the great venous sinuses. 
The immediate mortality is rather high, from 10 percent upward in 
the hands of different surgeons, because of their vascularity. The re- 
sultant neurological defects depend on the size and site of the tumor 
but the great majority of these patients are permanently restored to 
health and economic efficiency. It is in the removal of these rumors that 
the electric scalpel finds its greatest usefulness. It can be used to remove 
the interior of meningiomas thus reducing their size and making the 
disseaion of the remainder much easier (134). 

Of the rarer tumors the hemangiomatous nodules of cerebellar 
cysts may be removed and the patients permanently cured. Racemose 
angiomas had best be left alone surgically but roentgen-radiation may 
cause marked improvement. The pearly tumor is easily and perma- 
nently removed. The pinealoma will rarely be completely removed, the 
papilloma may more frequently be. 

We come now to the vast group of the gliomas which I have de- 
liberately left to the last. It is difficult to say anything intelligent con- 
cerning them except that an attempt should always be made to remove 
an astrocytoma; when successful the patient is permanently cured. Con- 
cerning ^e rest of them it will be a long time before it is possible to 
compare one surgeon’s results with another’s and any talk of “scores” 
is useless. ’The gliomas vary so much in site, structure, and stage of 
evolution, and the operative procedures adopted are so different, that 
statistics ate meaningless. Gliomas of the optic chiasm, brainstem, and 
corpus callosum are inoperable, whatever their type. Roentgen-radiation 
may improve them but a fatal outcome is inevitable. I have never known 
a medulloblastoma or glioblastoma multiforme which did not recur 
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no matter how radical the anempc at extirpation. It is much the same 
for the other types, with the exception of the astrocytomas which make 
the one bright spot in the otherwise gloomy outlook, although the other 
types may survive for a variable time after operation. We should not 
forget also that the symptoms are often aggravated after craniotomy 
when a glioma is disdos^, especially in the case of the glioblastoma 
multiforme. 

However dissatisfied we may be with the results of our surgical 
treatment it does not mean that we must abandon our efforts. On the 
contrary, they must be redoubled. What is the alternative if the tumor 
cannot be removed? Blindness and a horrible, painful, sometimes linger- 
ing, but inevitable death. If we could only make a certain pathological 
diagnosis before operation many hrtile operatiorts would be avoided, 
but even after years of experience with intraaanial tumors an occur- 
rence such as the following makes one realize that in the present state of 
our ignorance an exploratory operation is almost invaihbly advisable. 

A woman (casg lxix) of 6fty-nine, previously healthy, had an at- 
tack of dizziness while at church. Her jaw dropped and for a time saliva 
drooled from the left corner of her mouth. She had headaches for a few 
days and was then well for about five months when a similar attack oc- 
curred, followed by a severe headache. She was carefully examined at 
this time and nothing found except a slightly elevated bloodpressure 
and a left lower facial paresis; the optic discs were normal. A month 
later she had a period in which sl» was nauseated and vomited fre> 
quently. After this she improved but was worried and emouonal and 
her memory for recent events failed. Her voice was hoarse and she had 
difficulty in swallowing. This state continued for three months; she then 
began to complain of severe headaches, became suddenly stuporous one 
day and was brought to the hospital. 

Until the final episode she had been thought to be suffering from 
cerebral arteriosclerosis. On admission to the hospital she was smpor- 
ous. There was an obvious left lower facial weakness and the optic 
discs were choked about 1.5 diopters. The bloodpressure was 160. 
Roentgenogram of the head was normal. The husband was told that in 
all probability there xires a malignant infiltrating glioma in the eight 
cerebral hemisphere and that little could be accomplished except to 
make a decompression. At operation a meningioma was found in the 
lateral fissure and easily removed. There was in addition an area of 
softening which involved the lower extremity of the anterior central 
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gyrus and the posterior extremity of the middle and inferior frontal 
gyrl It had doubtless been produced by occlusion of the prerolandic 
artery by the pressure of the tumor. The patient reo^vered completely 
except for the facial weakness. 

In addition to this uncertainty of diagnosis, which makes an ex- 
ploratory operation almost always advisable, there is another legitimate 
reason for operation. Much suffering can be avoided by decompressive 
procedures, and these are also advisable as preliminary to roentgen- 
radiation. But the hope of the future seems to He in the directioh of 
inaeasing our knowl^ge and diagnostic acumen so that we can fore- 
tell before operation, in an increasingly larger percentage of cases, the 
nature of the tumor to be attacked as well as its location. With the 
record of the last fifty years before us no one should claim that this goal 
is impossible of attainmenn Recently arteriography has come to our aid. 
At present much of our effort is blind; it must made less so. 

, Finally in evaluating the results of operation for gliomas we must 
remember that we are operating for the "cancer*’ of the brain. The re- 
sults are about as good as for cancer elsewhere in the body and the op- 
erative procedures little more desperate. The reasons for persisting in 
spite of repeated failures are the same in cancer of the stomach and 
cancer of the brain. If the surgeon cannot remove a cancer of the stom- 
ach he relieves the symptoms by a gastroenterostomy. If the surgeon 
cannot remove a glioblastoma of the brain he also relieves the symp- 
toms by a decompression. In 1898 Ferrier wrote: "The treatment of 
intracranial tumors forms a rather melancholy chapter in therapeutics." 
It is much less sad than then, yet in spite of remarkable progress in 
the sixty years which have elapsed since Godlee's epoch-making opera- 
tion the surgical treatment of intracranial tumors is still a precarious, 
backbreaking, and heartrending business to be undertaken only by those 
who have especially prepared themselves for it. 
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suteriovenous 
appearance of, 200 
diagnosis of, 201 
example of, 194 
microscopical structure, 201 
origin of, 203 
symptoms of, 198 
treatment of, 204 
venous 

diagnosis of, 197 
symptoms of, 196 
Angiomatosis 
of the central nervous system (Lin- 

dau),185,191 

of the retina (von Hippel) , 191, 192 
Aoomia, 276, 281 
Anosmia, 180 
Afiusia, 58, 272 
Apraxia, 58, 275, 301 
Aqueduct, of Sylvius, 49 
Ancbnoidal granulations, structure of, 
146 

Arachnoiditis « 

of chiasmatic cistern, 137 
chronic, 137,419 
of the lateral cistern, 85 
Anciies 
angular, 59 

anterior cerebral, 30, 57 
anterior parietal, 33, 59 
anterior temporal, 33 
callosomaiginal, 31 
frontopolar, 31 
middle cerebral, 31. 58 
ori>ital, 31 
otbitofiontal, 33 
pericallosal, 31 
posterior cerebral, 34, 57 
posterior occipital, 34 
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posterior parietal, 33, 59 
posterior temporal, 34, 59 
prerolandic,33, 59 

recuiTeot, 31 
rolandic, 33, 60 
Arteriography, 395 
Arteriosclerosis, cerebral, 375, 396 
Astereognosis, 271 
Asthenia, 245 
Astroblanoma, 215 
Astrocytes, 207 
Astrocytoma, 214, 243 
diagnosis of, 260 
examples of, 243, 249 
gross appearana, 257 
micro^pical structure, 259 
' treatment of, 26 l 
As3mergia, 245 
Ataxia, 245 
Atonia, 245 

BASAL ganglia, 320 
Biopsy, 423 
BIo^ supply 
of the cerebellum, 34 
of the arebruffl, 30 
of the cranium, 18 
of the dura mater, 22 
of the hypothalamus, 129 
Brain 

abs(sss,408 

histogenesis of, 206, 208 
mictoscopical structure, 206 
Brainstem, syndromes of, 324 
Brain tumors, 12 

CALaFICATION, intracranial, 135, 
262,283 

Calvaria, 18 
Caiciaoma 
brondiogenic, 360 
metastatic, 355 
nasopharyngeal, 363 
Carcinomatosis of the meninges, 361 
Cerebellopontine angle, syodiome of, 
72 


Cerebellum, 29 
blood supply of, 34 
comparative anatomy, 233 
hemisphere, 246 
localization, 235 
Tennis, 235 
Cerebral a>rter 
injuries to, 61 
softening of, 56 
stimulation of, 55 
Cerd>ro$pinal fluid, 50 
diemical composition, 50 
circulation of, 52 
pleocytosis of, 374 
pressure of, 51 
sources of, 52 

cerebrolateral, 26 
cerebrosagittai, 27 
Choked disc, 54,389 
Chordoma, 349 
Choroid plexuses, 49 
Cisterns 
ambient, 27 
basal, 26 
chiasmatic, 26 
interpeduncular, 26 
lateral, 26 
posterior, 27 

Qassification of intracranial tumors, 10 
Colloid cyst, 353 
Convolutions 
cerebellar, 29 
cerebral, 29 
Coavukions, l68, 256 
Corpus callosum, 300 
Craped-pot sound (Macewen’s sign), 
117,223,232 

Craniectomy, suboccipital, 428 
Craaiocerebr^ topography, 29, 427 
Craniopharyngiomas, 113 
age distribution of, 136 
t^gnosis of, 135 
examples of, 113, 116 
gross appearance, 118 
microscopical structure, 120 
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origin of, 121 
symptoms of, 122 
treatment, 137 
Craniotomy, technic of, 427 
Cytoarchitectonics of cerebrum, 41 

DECEREBRATE rigidity, 339. 342 
Dermoids, 348 
Diabetes insipidus, li5 , 345 
Diagnosis 

of acoustic neurinomas, 84 
of astrocytomas, 260 
between frontal and cerebellar !e> 
$ions,256 

of craniopharyngiomas, 135 
of glioblastoma multlforme, 310 
of hypophysial adenomas, 110 
of m^ulloblastomas, 240 
of meningiomas of the sphenoidal 
ridge, 177 

of meningiomas of the tuberculum 
sellae, 173 

of olfacto(y*groove meningiomas, 

181 

of oligodendrogliomas, 283 
of parasaggital meningiomas, 169 
of pineal tumors, 346 
of venous angiomas, 197 
Diaphragms sellae, 22 
Dreamy states, 290 
Duta mater, 20 
Dysarthtia, 58 

ECCHONDROSIS physalifora, 2 
Encephalitis, 4I6 
Encephalography, 422 
Ependymoblastoma, 215 
Ependymomas, 213 
example of, 218 
gross appearance, 221 
microscopical structure, 222 
treatment of, 222 
Epidermoids, 348 
Epilepsy, 168.236,381 
Exophthalmos, unilateral, 177, 196 
Exotosis in meningiomas, 169, 175 


FACIAL palsy.72.255 
Falx cerebri, 22 
Fiber tracts 

afferent, of cerebrum, 66 
a>nical projeaion system, 166 
efferent, of cerebrum, 66 
of hypothalamus, 127 
Fissure, lateral, 29 
Fits 

cerebellar, 232, 344 
uncinate, 290 
Foramina 

interventricular (of Monro), 48 
of Luschka, 49 
of Magendie,49 

GANGUONEUROhU. 215 
Glioblastoma muJtiforme, 213, 285 
diagnosis of, 310 
examples of, 285, 287, 293, 298, 
303. 304 

gross appearance, 305 
microscopical structure, 307 
treatment, 312 
Gliomas 

dassification of, 213 
frequency of types, 217 
of optic ^iasm, 136, 318 
diagnosis of, 318 
symptoms of, 318 

treatment of, 319 
of the pons, 85 
surviv^ times, 216 
Grasp-reflex, 254 

forced grasping and groping, 168 
Gumma^ 402 

HAUUCINATIONS 
auditory, 291 
of smell and taste, 290 
visual, 290, 296 
Headache, 370 
Hemangioblastomas 
age disttibution of, 187 
examples of, 185,188 
gross appearance, 187 
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microscopical structure, 189 
origin of, 186 
S 7 mproms of, 191 
treatment of, 192 
Hematoma, subdural, 412 
Hemianopia, 45, 272, 289, 296 
bicemporal,9I 
homonymous, 297 
Hemiplegia, description of, 163 
.Hemostasis, 434 

Hierarchy of functions in the nervous 
system, 336 

Histogenesis of the brain, 206 
Hydatid cyst, 406 
Hydrocephalus, 393 
Hypermetria, 245 
Hypertension 
intracranial, 54 
vascular, 396 
Hypettbermia, 133, 438 
Hypophysial adeootms, 100 
Hypophysial duct tumors, 113 
Hypophysis 
development of, 95 
functions of, 97 
structure of, 96 

Hypopimicary syndrome, examples of, 
92 

Hypothalamus 

blood supply of, 129 
fiber traCTS of, 127 
functions of, 130 
nuclei of, 126 
topography of, 126 

INTRACRANIAL tumors 
adenomas, hypophysial, 88, 99 
age distribution, 12 
astroblastomas, 215 
astrocytomas, 245 
brainstem, 325 
cerebellar, 245 
diordomas, 349 

classification of, 10 
colloid cysts, 353 
corpus callosum, 301 


craniopharyngiomas, 113 
dermoids, 348 
ependymomas, 218 
epidermoids, 348 
fot 2 ith ventricle, 220 
frontal lobe, 249, 251 
ganglioneuromas, 215 
glioblastoma midtiforme, 213, 285 
gliomas of optic chiasm, 3 18 
gliomas of pons, 85 
gummas, 402 
hemangioblastomas, 185 
infection, 410 
location, 11 
medulloblastoma, 223 
melanotic, 152,367 
meningiomas, 156 
metastatic, 355, 358, 363, 365 
neurinomas, acoustic, 70 
neuro-epitheliomas, 215 
occipital lobe, 296 

olfactory groove^ 180 

oligodendrogliomas, 262, 282 
papillomas, 351 
parasagittal menmgtofflas, 159 
parietal lobe, 262 
pearly tumors, 348 
peritheliomas, 148 
pioealomas, 215, 331 
sartomatosisof tfaemeninges, 138 
spongioblastomas (polar), 313 
suprasellar meningiomas, 272 
temporal lobe, 289 
teratomas, 348 
third ventricle, 345 
tuberculomas, 403 
vcnnis, 223 

JARGONAPHASIA. 281 

KONICKORTEX, 43 

LACUNAE, 23 

leptomeninx 
origin of, 144 
structure of, 146 
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lipoma, 354 

MACROGENITOSOMIA praecox, 

333 

Medulloblastoma, 214, 223 
diagnosis of, 240 
examples of, 223, 225 
gross appeaxance, 227 
microscopical structure, 229 
symptoms of, 230 
iteatment of, 241 
Melanoblastomas 
of the meninges, 152 
metastatic, 365 
Meninges 

Icptomeninx, 25 
origin and structure of, 143 
pachymeninx, 20 
sarcomatosis of, 13S 
Meningiomas 
age distribution of, 158 
in the cerebellopontine angle, 85, 
183 

examples of, 160 
location of, 158 
of the olfaaoty groove 
diagoosuof, 181 
example of, 178 
symptoms of, 180 
origin of, 143, 157 
of the sphenoidal ridge 
. diagoosisof, 177 
example of, 174 
symptoms of, 177 
structure of, 146 
of the tuberculum sellae, 171 
diagnosis of, 173 
symptoms of, 173 
treatment, 184 
Meningitis 
chronic, serous, 417 
gummatous, 402 
tuberculous, 406 
Mental disorders, 250, 357 
Metastatic tumors, examples of, 355, 
358, 363,365 


Microglia, 208 
Migraine, 369 

MortaL'ey, in verified intracranial 
tumors, 444 

NEUROBLASTOMA, 214 
Neuroepithelioma, 215 
Neurofibromatosis, 136, 316 
age dinribution, 74 
diagnosis, 84 
Neurinoma, aomstlc, 70 
examples of, 70, 73 
gross appearance, 77 
microscopicai structure, 79 
objeaive signs of, 82 
symptomsof.SO 
treatment, 86 
Nystagmus, 246 

OUGODENDROGUA, 207 
Oligodendroglioma, 2 14, 262 
diagnosis of, 283 
examples of, 262, 266 
gross appearance, 282 
microscopical structure, 283 
treatment of, 284 
Optic atrophy, 390 
Optic chiasm, gliomas of, 318 
Optic neuritis, 587 

PACHYMENINX. 20 
Pallidum, 320 
Papilledema, 388 
PapilIoma,351 

Paralyses 

conjugate upward movement of the 
eyes, 332 

facial, 72, 255, 292 
of die su^ nerve, 392 
of the third nerve, 292 
Paraphasia, 273 
Parasites, 406 
Pearly tumor, 348 
Perithelioma, 148 
Perseveration, 273 
Pineal body, 49 
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Pineal "shift,” 49 
Pinealomas, 215, 331 
diagnosis of, 347 
examples of, 331, 333 
gross appearance, 345 
microscopical structure, 34^ 
treatment of, 347 
Pineoblastoma,215 
Pituitary body, 96 
PostoperadTe care, 437 
Presenile dementia, 377 
Pubertas praecox, 333 
Pyramidal tract, 166 

RADIOTHERAPY, 443 
Rathke's pouch turnon, 113 
Reddioghausen's disease, 136 
ReSexes 

labyriothine, 340 
tighdag, 337 
tonic cervical, 340 
Respiratory paralysis, 436 
Roentgenotherapy, 443 
of medulloblastoma, 24l 
of pituitary adenoma. 111 

SARCOMA of the brain, 150 
Saicomatosis of the meninges, 138 
examples of, 138, l40 
treatment, 155 
Scotomas, 135, 391 
Sensory loss 

in lesions of the cerebral oorto^ 270 
in thalamic lesions, 269 
Septa of the dura mater, 21 
Shodc,436 

Sinuses of the dura mater 
cavernous, 25 
inferior longimdinat, 23 
infaior petrosal, 25 
sphenoparietal, 25 
superior longitudinal, 23 
superior petrosal, 25 
Spongioblaseoma molciforme, 285 
Spongioblastoma (polare), 214, 313 
gross appearance, 329 


examples of, 313, 316 
microscopic^ structure, 329 
treatment, 330 
Somnolence, 133 
Striatum, 320 
Subarachnoidal space, 25 
Subdural hemawma, 412 
Sulcus, central, 29 
Suprasellar cysts, 113 
Symptoms 

of acousdc netuinomas, 80 
of acromegaly, 102 
of arteriovenous angiomas, 198 
of craniopharyngiomas, 122 
distant, 392 
focal, 391 

of gliomas of the opdc 318 

of hemangioblastomas, 191 
of medulloblastomas, 230 
of memngiomas of the olfactory 
groove, 180 

of meningionm of the sphenoidal 
ridge, 176 

of meningiomas of the niberculum 
sellae, 175 
mbleading, 392 
ne/gbborbc»d, 392 
neighborhood of hypophysial tden* 
omas, 109 

of parasagittal meningiomas, l68 
of pmeal tumors, 332 
of venous angiomas, 196 
Syndromes 

acromegalic, 102 
adiposogenital, 133 
of brainstem, 324 
of cerebellar hemisphere, 244 
of Cerebellopontine angle, 72 
of corpus callosum, 30 1 
corded sensory, 270 
decerebrate, 342 
of fourth ventride, 220 
bypopituitaiy, 92, 107 
of mental confusion, 357 
palUdal, 323 
of sphenoidal ridge, 174 
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thalamic, 269 
uncinate, 290 
of vermis cerebelli, 240 
Syphilis, 398 

THANGIECTASES, capillary, 193 
Tentorium cerebelli, 2 1 
Teratomas, 348 
Thalamus, 269 
Theory 

of abnormal mitosis, 6 
of cellular autonomy, 3 
of chronic irritation, 3 
of embryonic rests, 1 
of heredity,6 
parasitic, 6 
Treatment 

of acoustic neurinoma, 86, 432,446 
of arteriovenous angiomas, 204 
of astrocytomas, 26l 
of craniopharyoslomas, 1 37. 432. 
446 

of ependymomas, 222 
of gliomas, 432, 447 
of^ioblastoma multiforme, 312 
of hemangioblastomas, 192,447 
of hypophysial adenomas, lit. 430 
of intracranial bypenetuion, 443 
of intracranial rumors. 42 1 
of meduUoblasTOmas, 241 
of meningiomas, 184, 430, 446 
of metastatic intracranial tumors. 
368 

of oligodendrogliomas, 284 
of pinealoma, 432 
results of, 444 

of sarcomatosis of the meninges. 155 


Tuberculoma, 403 
Tumors, intracranial, 12 

UNCINATE fits, 290 

VASCULAR circulation of the brain, 
53 

Vascular malformations, 203 
Veiits 

basilar (of Rosenthal), 40 • 
cerebral, 35 
diploic, 18 
emissary, 25 

great anastomotic (of Trolard),40 
great cerebral (of Galen). 40,61 
inferior ccrcbrd, 37 
internal occipital, 6l 
middle meningeal, 22 
petrous, 40 

small anastomotic (ofLabbd),40, 

61 

superior cerebral, 35, 60 
Ventricles of the brain, 47 
fourth, 48 
lateral, 47 
third, 47, 48 

ventricular estimation, 422 
Tcnuiculography, 394, 423 
Ventriculography, 49. 394, 423 
Vermis cerebri, 235 
syndrome of, 240 
Vbioo, failing, 386 
Visual system, 45 
Vomiting, 384 

X-RAY therapy, 443 
Xanthomatosis, 178 



' ■ . . LEGENDS FOR PLATES 

;• ’Some of the roentgen photographs have been retouched. Tbe short white 
rods in Some of the photographs are Silver dips left by the surgeon. The arterio- 
grams were made by* percutaneous puncture into the common mrotid artery, so 
rtiSt bran^es of the external carotid arteries are also visible. 


Plate I 

Acouitic neurinoma. From case M. Roentgenograms of the petrous pyramids 
Right pyramid above; meatus dilated by tumor. Left pyramid below; meatus 
normal. 


Plate II 

Adenoma of the hypophytii. Above, from CASE ill, chromophobe adenoma; 
below, acromegaly. Sella turcica b.illooned in both photographs 


Plate 111 

Above, MeduUoblattoma. Separation of the cranial sutures Below, from 
C^SE Viu, Craniopharyngioma. TTie sella turdca is enlarged; there is z calcifica- 
tion above the sella. The cyst has been filled with air by puncture through the 
dilated suture. 


Plate IV 

Meningioma of the sphenoidal ridge. Above, lateral view, below, antero- 
posterior view. The sphenoidal wing has been provoked to dense proJi/erarion 
of bone by the invasion of the tamot. 


Plate V 

Meningioma. Above, proliferation of bone provoked by invasion of the 
cranium by a parasagittal tumor (From Cushing and Eisenhardt). Below, 
arteriogram. 


Plate Vi 

Oligodendrogliomas. Calcification in the tumots. Above, from case Xxvii; 
below, unusually dense calcification 


Plate VII 

Polar spongioblastoma. Roentgenograms of the optic foramina. Above, from 
CASE XXXVI; the left foramen is enlarged. Below, from a case in which both 
foramina are enlarged. 



Plate VIII 


Above, shift of the calcified pineal body to the left.' Below, Pi»ea!o>M. Occlu- 
sion of the posterior part of the third ventricle by pineal tumor. Ventricologtam. 


Plate IX 

Carcinoma of the lung Roentgenogranu of the chest. Abo\e, large mass in 
the right hilum Below, from CASE XLV, aulectasis of the lower right lobe. 


Plate X 

Ventriculogram. HyAroeepbaltii. Above, anteroposterior view; below, lateral 
view. 


Plate XI 

VcHlncuhgram. Tumor in the right frontal lobe. The ventricular system is 
displaced to the left and the anterior part of the right ventricle is displaced 
downward and partially occluded. Above, anteroposterior view; below, left lat- 
eral view. 


Plate XU 

Ariirtogramt. Above, Glioblasiotna. Note the tangle of vessels in the rostrum 
of the corpus callosum. Below. Atlrocyoma. Note the displacement of the middle 
cerebral artery upward 


Plate XIII 

Above, Sturge- Weber Di tease; calcification In w.-ills of occipital sulci. Below, 
Angioma. Arteriogram 


Plate XIV 

Angioma. Above, venegram: below, arteriogram. 


Plate XV 

Arteriograms. Above, normal except that the posterior cerebral artery comes 
off the internal carotid Below, an Anetirysm of the internal carotid artery. 


Plate XVI 

Metastatic Carcinoma. Above, single metastasis in the frontal bone; below, 
erosion of the base of the skull by a nasopharyngeal cancer. 
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PLATE X 







PLATE XIV 



PLATE XV 



PLATE XVr 



THIS BOOK 


INTRACRANIAL 

TUMORS 

By PERaVAL BAILEY 

was set by Claire J. Mahoney, Typographer, of Kalamazoo, 
Mkhigan; printed by Betirtnann-Marshall, Inc. of Lansing, 
_^Michigan; and bound by the Franklin DeKleuie Co., of 
Ltinsing, Michigan.The type facets Linotype Gauimond 
No. 3, 12 point on 13 point body 
T he type page is 27 x 45 picas. 



W'^ith THOMAS BOOKS careful attention ts given to all 
details of manufacturing and design. It ts the publisher's 
desire to present books that are satisfactory as to their physical 
(jualities and artistic possibilities and appropriate for their 
particular use. THOMAS BOOKS will be true to those laws 
of quality that assure a good name and good will. 



